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PREVENTIVE CARDIOLOGY 


Gemfibrozil-Lovastatin Therapy for Primary 
Charles J. Glueck, Nancy Oakes, James Speirs, Trent Tracy, and 
James Lang 


The specific aim of this retrospective, observational study was to assess 


the safety and efficacy of long-term (21 months/ patient), open-label, 

gemfibrozil-lovastatin treatment in 80 patients with primary and, for the 
most part, combined hyperlipoproteinemia (68% of whom had already 
sustained atherosclerotic vascular disease). With gemfibrozil-lovastatin, 

mean total cholesterol decreased 22%, triglyceride levels decreased 35%, 
low-density lipoprotein cholesterol decreased 26%, and the total cholester- 
ol/high-density lipoprotein cholesterol ratio decreased 24% (all p 
<0.0001). Myositis, symptomatic enough to discontinue gemfibrozil-lo- 
vastatin and attributable to 2-drug treatment, occurred in 3% of patients, 

and in 1% with concurrent high creatine phosphokinase (769 U /liter); no 
patient had rhabdomyolysis or myoglobinuria. While mandating careful 
follow-up with serial creatine phosphokinase and liver function tests in 
reliable patients with combined hyperlipidemia who are unable to respond 
optimally to 1-drug therapy, gemfibrozil-lovastatin treatment is safe and 
effective, reducing total and low-density lipoprotein cholesterol and ele- 
vating high-density lipoprotein cholesterol to levels at which regression of 
coronary artery disease may occur. 


CORONARY ARTERY DISEASE 


10 
Comparison of Delay Times to Hospital Presentatior for 
Physicians and Nonphysicians with Acute Myocardial 
Infarction 

Paul M. Ridker, JoAnn E. Manson, Samuel Z. Goldhaber, Charles H. 
Hennekens, and Julie E. Buring 





To evaluate whether patients who recognize the symptoms of ischemia and 
have easy access to medical care have shortened time delays between onset 
of symptoms and hospital presentation, the total time interval between 
symptom onset and hospital arrival for 258 U.S. male physicians experi- 


- encing a first acute myocardial infarction (AMI) in the Physicians’ 


Health Study (PHS) was compared with that of a comparable group of _ 
Continued on page A16 at 
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INDICATIONS AND USAGE — 
Chronic Stable Angina (Classic Effort-Associated Angina) 
~ VASCOR ibepnidil hydrochioride) is indicated for the treatment of chronic stable angina (classic 
elfort-associated angina). Because VASCOR has caused serious ventricular arrhythmias, 
including torsades de pointes type ventricular tachycardia, and the occurrence of cases of 
_ agranulocytosis associated with its use (see WARNINGS). itshouldbe reserved for patients who 
have failed te respond optimally to, or are intolerant of, other anti-anginal medication. 
VASCOR may be used alone orin combination with beta blockers and/or nitrates. Controlled 
clinical studies have shown an added effect when VASCOR is administered to patients already 
receiving proprancid. 
CONTRAINDICATIONS 
VASCOR (bepridil hydrochioride) is contraindicated in patients with a known sensitivity to bepridil 
hydrochloride. 
VASCOR is contraindicated in (1) patients with a history of serious ventricular arrhythmias (see 
WARNINGS—induction of New Serious Arrhythmias), (2) patients with sick sinus syndrome or 
patients with second- or third-degree AV block, except in the presence of a functioning ventricular 
pacemaker, (3) patients with hypotension (less than 90 mm Hg systolic), (4) patients with 
uncompensated cardiac insufficiency, (5) patients with congenital OT interval prolongation {see 
WARNINGS), and (6) patients taking other drugs that prolong QT interval (see PRECAUTIONS- 
Drug Interactions). 


WARNINGS 


induction of New Serious Arrhythmias 
VASCOR (bepridil hydrochioride) has Class 1 anti-arrhythmic properties and, like other such 
drugs, can induce new arrhythmias, including VT/VF. in addition, because of its ability to 
toiong the OT interval, VASCOR can cause torsades de pointes type ventricular tachycardia. 
ecause of these properties VASCOR should be reserved for patients in whom other amti- 
anginal agents do not offer a satisfactory effect. 
| inUS clinical trials, the QT and QTc intervals were commonly prolonged by VASCOR in adose- 
related fashion. While the mean prolongation of QTc was 8% and of QT was 10%, QTc 

| increases of 25% or more were not uncommon, 5%; 8.7% QT. increased QT and QTc may be 

| associated with torsades de pointes type VT. which was seen atleast briefly, in about 1.0% of | 
. patients in US trials: in many cases, however, patients with marked prolongation af QTc were 
‘takenotf VASCOR therapy. Alof the US patients with torsades de pointes had a prolonged QT 
interval and relatively iow serum potassium. French marketing experience has reported over 

4 one hundred verified cases of torsades de pointes. While this number, based on total 
use, represents a rate of only 0.01%. the true rate is undoubtedly much higher, as 

_| spontaneous reporting systems all suffer from substantial under reporting. 

4 Torsades de pointes is a polymorphic ventricular tachycardia often but not always 
| associated with a prolonged QT interval, and often drug induced. The relation between 
the degree of QT prolongation and the development of torsades de pointes is not linear 
“and the likelihood of torsades appears to be increased by hypokalemia, use of potassium 

| wasting diuretics, and the presence of antecedent bradycardia. While the safe upper limit 
of QT is not defined, it is suggested that the interval not.be permitted to exceed 0.52 

seconds curing treatment. if dose reduction does not eliminate the excessive prolonga- 

tion, VASCOR should be stopped. 

| Because most domestic and foreign cases of torsades have developed in patients with 
hypokalemia, usually related to diuretic use or significant liver disease, if concomitant diuretics 
are needed, low doses and addition or primary use of apotassium sparing diuretic should be 
considered and serum potassium should be monitored. 
VASCOR has been associated with the usual range of pro-arrhythmic effects characteristic of 
Class 1 anti-arrhythmics (increased premature ventricular contraction rates, new sustained VT, 
and VT /VF thatis more difficult than Aitaa bagel to sinus rhythm). Use in patients with 
severe arrhythmias (who are most susceptible to certain pro-arrhythmic effects} has been 
limited, so that risk in these patients is not defined. 
in the National Heart, Lung and Blood institute's Cardiac Arrhythmia Suppression Trial (CAST), 
along-term, muiti-centered, randomized, double-blind study in patients with asymptomatic 
nontife-threatening ventricular arrhythmias whe had myocardial infarctions more than six days 
butless than two years previously, an excess mortality/non-fatal cardiac arrest rate was seen 
in patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to matched placebo-treated groups ill The applicability of these results to 
other populations (e.g., those without recent myocardial infarction) or to other anti-arrhythmic 
drugs is uncertain, bul atpresent itis prudent to consider any drug documented to provoke new 
serious arrhythmias or worsening of preexisting arrhythmias as having a similar risk and to 

| avoid their use in the post-intarction period. 


Agranulocytosis: in US clinical trials of over 800 patients treated with VASCOR for up to five 
years, two cases of marked leukopenia and neutropenia were reported. Both patients were 
diabetic and elderly. One died with overwhelming gram-negative sepsis, itself a possible cause 
of marked leukopenia. The other patient recovered rapidly when VASCOR was stopped. 
Congestive Heart Failure: Congestive heart failure has been observed Cites cashed {about 1%) 
during US controlled clinical trials, but experience with the use of VASCOR in patients with 
significantly impaired ventricular function is limited. There is little information on the effect of 
concomitant administration of VASCOR and digoxin; therefore, caution should be exercised in 
treating patients with congestive heart failure. 
Hepatic Enzyme Elevation: in US clinical studies with VASCOR in about 1000 patients and 
subjects. clinically significant (at least 2 times the upper limitofnorma}) transaminase elevations 
were observed in approximately 1% of the patients. None of these patients became clinically 
symptomatic or jaundiced and values returned to normal when the drug was stopped. 

femia: inclinical trials VASCOR has not been reported to reduce serum potassium levels. 
Because hypokalemia has been associated with ventricular arrhythmias, potassium insufficiency 
should be corrected before VASCOR therapy is initiated and normal potassium concentrations 
iat be maintained during VASCOR therapy. Serum potassium should be monitored periodi- 

y. S 

PRECAUTIONS 
General 
Caution should be exercised when using VASCOR (bepridil hydrochioride) in patients with left 
bundie branch block or sinus bradycardia (less than 50 b.p.m.). Care should aiso be exercised 
in patients with serious hepatic or rena! disorders because such patients have not been studied 
and bepridilis highly metabolized, with metabolites excreted primarily in the urine. 
Recent Myocardial infarction 
in US clinical trials with VASCOR, patients with myocardial infarctions within three months prior 
to initiation of woke Mahl were excluded. The initiation of VASCOR therapy in such patients, 
therefore, cannot be recommended. 
information for Patients 
Since QT prolongation is not associated with defined symptomatology, patients shouid be 
instructed on the importance of maintaining any potassium supplementation or potassium sparing 
diuretic, and the need for routine electrocardiograms and periodic monitoring of serum potassium. 
The following Patient information is printed on the carton label of each unit of use bottle of 30 





As with any medication that you take, you shouid notify your physician of any changes in your 
overall condition. insure = follow your physician's instructions regarding follow-up visits. 
Please notify any physician who treats you for a medical condition that you are taking VASCOR® 
{bepridil hydrochloride}, as well as any other medications. 
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sately tolerated in patients with stable angina. Sub 
A and beta-biocking 
been well tolerated in patients with stable angina. Available data are not sure 
however, to predict the effects of concomitant medication on patients with im 
oe function or cardiac conduction abnormalities (see DOSAGE AND ADMI 
TRATION). ; ; 
Digoxin: in controlled studies in healthy volunteers, bepridil hydrochloride either had no: 
effect (one study) or was associated with modest increases, about 30% (two studies} in 
steady-state serum digoxin concentrations. Limited clinical data in angina patients rece 
ing concomitant bepridil hydrochioride and digoxin therapy indicate no discernible chang 
in serum digoxin levels. Available data are neither sufficient to rule out possible increases’ 
in serum digoxin with concomitant treatment in some patients, nor other possible interac- 
tions. particularly in patients with cardiac conduction abnormalities (also see WARNINGS— 
Congestive Heart Failure). so A 
Oral Hypoglycemics: VASCOR has been safely used in diabetic patients without => 
significantly lowering their blood glucose levels or altering their need for insulin or orale =. 
hypogiycemic agents. a a 
General interactions: Certain drugs could increase the likelihood of potentially serious | 
adverse effects with bepridil hydrochloride. in general, these are drugs that have one or =ou" 
more pharmacologic activities similar to bepridit hydrochloride, including anti-arrhythmic 
agents such as quinidine and procainamide, cardiac glycosides and tricyclic anti-depres- 
sants. Anti-arrhythmics and tricyclic anti-depressants could exaggerate the prolongation | 
of the QT interval observed with bepridil hydrochloride. Cardiac 9 ycosides could exagger- 
ate the depression of AV nodal conduction observed with bepridil hydrochioride. 
Carcinogenesis, Mutagenesis, impairment of Fertility 
No evidence of carcinogenicity was revealed in one lifetime study in mice at dosages up 
to 60 times (for a 60kg subject) the maximum recommended dosage in man. Uniateral 
follicular adenomas of the thyroid were observed in a study in rats following lifetime 
administration of high doses of bepridil hydrochloride, i.e.. 2100 mg/kg/day (20 times the 
usual recommended dose in man). No mutagenic or other genotoxic potential of bepridi = 
hydrochloride was found in the following standard laboratory tests: the Micronucleus Test . 
for Chromosomal Effects, the Liver Microsome Activated Bacterial Assay for Mutagenicity, - 
the Chinese Hamster Ovary. Cell Assay for Mutagenicity, and the Sister Chromatid 
Exchange Assay. No intrinsic effect on fertility by bepridil hydrochloride was demonstrated 
in rats. 
In monkeys, at 200 mg/kg/day, there was a decrease in testicular weight and spermatogen- 
esis. There were no systematic studies in man related to this point. In rats, at doses-up to 
300 mg/kg/day, there was no-observed alteration of mating behavior nor of reproductive — 
performance. 
Usage in Pregnancy 
Pregnancy Category C. Reproductive studies (fertility and peri-posinatal) have been 
conducted in rats. Reduced jitter size at birth and. decreased pup survival during lactation 
were observed at maternal dosages 37 times (on a mg/kg basis) the maximum daily 
recommended therapeutic dosage: a 
in teratology studies, no effects were observed in rats or rabbits at these same dosages. 
There are no well-controlled studies:in pregnant women. Use VASCOR in pregnantor >: 
nursing women only if the potential benefit justifies the potential risk. 
Nursing Mothers ; : 
Bepridil is excreted in human milk. Bepridil concentration in human milk is estimated fo _ 
reach about one third the concentration in serum. Because of the potential for serious 
adverse reactions in nursing infants from YVASCOR a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the. . 
drug to the mother. 
Pediatric Use 
The safety and effectiveness of VASCOR in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions were assessed in 529 patients who received VASCOR a hydrochloride} 
in controlled trials of 4-12 weeks duration and longer-term uncontrolled studies. The most 
common side effects occurring more frequently than in. control groups were upper gastrointestinal 
compiaints (nausea, SL eat distress) in about 22%, diarrhea in about 8%, dizziness in 
about 15%, asthenia in about 10% and nervousness in about 7%. The adverse reactions seen 
in atleast 2% of bepridil patients in controlled triais are shown in the following list. 

Body as a Whole: Asthenia. Headache, Fiu Syndrome Cardiovascular/Respiratory: Palpita- 
tions, Dyspnea, Respiratory infection Gastrointestinal: Dyspepsia, G.!. Distress, Nausea, Dry 
Mouth, Anorexia, Diarrhea, Abdominal Pain, Constipation Central Nervous System: Drowsy, 
insomnia, Dizziness, Tremor, Tremor of Hand, Paresthesia Psychiatric: Nervous Special 
Senses: Tinnitus. 

About 15% of patients however, left bepridil treatment because of adverse experiences, in 
controlled clinical trials, these were principally gastrointestinal (1.0%), dizziness (1.0%), ventricu- 
lar arrhythmias (1.0%) and syncope (0,6%)}. 

Across all controlled and uncontrolied trials, VASCOR was evaluated in over 800 patients with 
chronic angina. in addition to the adverse reactions noted above, the following were observedin 
0.5to 2.0% of the VASCOR patients or are rarer, but potentially important events seen in clinical 
studies or reported in post marketing experience. in most cases itis not possibie to determine 
whether there is acausal relationship to Depridil treatment. 

Body as a Whole: Fever, pain, myalgic asthenia, superinfection, flusyndrome. Cardiovascular! 
Respiratory: Sinus tachycardia, sinus bradycardia, hypertension, vasodilation, edema, 
ventricular premature contractions, ventricular tachycardia, prolonged QT interval, rhinitis, 
cough, manngi Gastrointestinal: Flatulence, gastritis, appetite increase, dry mouth, 
constipation. Musculoskeletal: Arthritis. Central Nervous System: Fainting, vertigo, 
akathisia, drowsiness, insomnia, tremor. Psychiatric: Depression, anxiousness, adverse 
behavior effect. Skin: Rash, sweating, skin irritation. Special Senses: Blurred vision, 
tinnitus, taste change. Urogenital: Loss of libido, impotence. Abnormal Lab Values: 
Abnormal liver function test, SGPT increase. . 
Certain cardiovascular events, such as acute myocardial infarction (about 3% of PAINE) 
worsened heart failure {1.9%}, worsened angina (4.5%), severe arrhythmia (about 2.4% VIVE 
and sudden death (1.6%) have occurred in patients receiving bepridil, buthave not been included 
as adverse events because they appear to be, and cannot be distinguished from, manifestations 
of the patient's underlying cardiac disease, Such events as torsades de pointes arrhythmias, 
peor QT/OQ7Tc, bradycardia, first degree heart block, which are pr related to bepridil, 
are included in the tables. 


OVERDOSAGE 

in the event of overdosage, we recommend close observation in a cardiac care facility fora 
minimum of 48 hours and use of appropriate supportive measures in addition to qastric lavage. 
Beta-adrenergic stimulation or parenteral administration of calcium solutions may increase 
transmembrane calcium ion influx. Clinically significant hypotensive reactions or high-degree AV 
block should be treated with vasopressor agents or cardiac pacing, a). Ventricular 
tachycardia should be handled by cardioversion and, if persistent, by overdriver . There has 
been one experience with overdosage in which a patient inadvertently took a single dose of 1600 
mg of VASCOR (bepridii hydrochloride). The patient was observed for 72 hours in intensive care, 
but no significant adverse experiences were noted. 


Beta-blocking Agents: The concomitant use of VASCOR and beta 
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ed 40 men enrolled | in i the U. s. ‘Component of the Second. Intern: ition: 
Study of Infarct Survival (ISIS-2), as well as with those of previously ae 
published series of patients with AMI. Overall, the median delay timefor 
physicians having a first AMI was 1.8 hours, which was significantly == 
shorter than that for nonphysicians in ISIS-2 or in any. prior study (p a ad a 
<0.001). Although conclusions based on these observational data are == =- 
speculative, this difference may help explain the far lower than expected e ei 
cardiovascular mortality rates among physician participants in the PHS. 
Furthermore, the data provide encouraging evidence that shorter delay 
times from onset of symptoms to hospital presentation can be achieved. 








TI e 
Noninvasive identification of Severe Coronary Artery Disease 
Using Exercise Tomographic Thallium-201 Imaging 

Timothy F. Christian, Todd D. Miller, Kent R. Bailey, and 

Raymond J. Gibbons 


Exercise thallium-201 tomographic imaging was performed in 688 pa- 

tients who had coronary angiography within 6 months. There were signifi- 
cant differences in clinical, exercise and thallium-201 imaging variables ee 
for patients with and without 3-vessel or left main coronary artery disease L s 
(CAD). However, using multiple logistic regression analysis, only 4 vari- 

ables were independently predictive of left main or 3-vessel CAD — the 

magnitude of ST-segment depression with exercise, the number of visually 

abnormal short-axis thallium-201 segments, diabetes and the change in 

systolic blood pressure with exercise. Using these 4 variables, nomograms 

were developed to classify patients according to the probability of severe 

CAD. The prevalence of 3-vessel or left main CAD was 12% in the low- 

probability group, 22% in the intermediate group, and 52% in the high- 

probability group. These nomograms should be of clinical value when 

interpreting tomographic thallium-201 exercise studies. 


so na a ELA AEE 
Effect of Thrombolytic Therapy on the Predictive Value of 
Signal-Averaged Electrocardiography After Acute Myocardial | 
infarction 

Marek Malik, Piotr Kulakowski, Olusola Odemuyiwa, Jan Poloniecki, Anne 
Staunton, Teri Millane, Thomas Farrell, and A. John Camm 


Standard time domain variables of signal-averaged electrocardiography in 
331 survivors of acute myocardial infarction were examined. Of these 
subjects, 130 received early thrombolytic therapy. There were 17 serious 
arrhythmic events in the group without thrombolysis, and 8 in those with | 
thrombolysis. Statistically, highly significant differences between the sig- 
nal-averaged electrocardiographic variables of patients with and without 
arrhythmic events were found only in the group without thrombolysis. 
When using 2 previously published categoric criteria for the diagnosis of 
abnormal signal-averaged electrocardiography, their positive predictive 
accuracy of predicting the arrhythmic events was >3 times higher in the 
group without thrombolysis. Retrospectively adjusted receiver-operator o 
characteristics showed that for the sensitivity of 30%, the maximum 
achievable positive predictive accuracy of signal-averaged electrocardio- 
graphic prediction of arrhythmic events was 100% in the group without 
thrombolysis, and 27% in those with thrombolysis. Thus, standard signal- 
Continued on page A18 
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tive in patients who received thrombolytic treatment. 


Six-Year Survival After Coronary Thrombolysis and Early 
Revascularization for Acute Myocardial Infarction 

George J. Taylor, H. Weston Moses, Richard E. Katholi, Cynthia oa 
Korsmeyer, Paul Kolm, James T. Dove, Frank L. Mikell, Joseph M. = 
Sutton, Harry A. Wellons, and Joel A. Schneider 





Six-year follow-up was conducted in a consecutive series of 192 patients 
treated with thrombolytic therapy for acute myocardial infarction with 
ST-segment elevation. Cardiac mortality was 6% in the hospital and 9% 
for survivors of hospitalization. A closed infarct artery at catheterization, 
diabetes mellitus and anterior myocardial infarction predicted cardiac 
death during follow-up. 


Value of Negative Predischarge Exercise Testing i in Ie entifyi 
Patients at Low Risk After Acute Myocardial Infarction — 
Treated by Systemic Thrombolysis 

Giacomo Piccalé, Salvatore Pirelli, Daria Massa, Manlio Cipriani, Filippo 
Maria Sarullo, and Claudio De Vita 





To verify the value of negative predischarge exercise tests in identifying 
low-risk patients treated with thrombolysis after acute myocardial infarc- 
tion (AMI), 157 consecutive patients underwent maximal or symptom- 
limited exercise testing within 15 days of AMI. All patients were followed 
for 6 months. Death and nonfatal reinfarction were considered as major 
coronary events, and recurrence of angina as a minor event. Exercise test 
results were negative in 105 patients and positive for angina or ST depres- 
sion 20.1 mV in 52. By the end of follow-up, 90% of the patients with 
negative exercise test results were event-free (97% had no major events). 
These results show that thrombolytic therapy does not affect the value of | 
negative postinfarction exercise testing in identifying low-risk patients. — 


© LN re ee Ae a ees ee eee Re re ee Re 
Magnetic Resonance Imaging During Dobutamine Stress in 
Coronary Artery Disease 

Dudley J. Pennell, S. Richard Underwood, Carla C. Manzara, R. Howard 
Swanton, J. Malcolm Walker, Peter J. Ell, and Donald B. Longmore 


Magnetic resonance imaging (MRI) has been limited in the investigation — 
of coronary artery disease, because of difficulty in obtaining images dur- _ 
ing exercise. Therefore, an infusion of dobutamine was used to study 25 
patients with angina. Areas of abnormal wall motion were compared with 
thallium myocardial perfusion tomograms and coronary arteriography. 
Of 22 patients with significant coronary artery disease, 21 (96%) had 
reversible myocardial perfusion defects, and 20 (91%) had reversible wall | 
motion abnormalities. Comparison of abnormal segments of perfusion and 
wall motion showed 96% agreement at rest, 90% agreement during stress, _ 
and 91% agreement for the assessment of functional reversibility. The 
magnetic resonance signal decreased in ischemic segments (—67 units 
[9.2%]; p <0.05). Dobutamine is ideal as a stress agent for MRI because of 
Continued on page A22 
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| i short half-life, and these results > igat that iti is more effective in ae e 
provocation of wall motion abnormalities than is dipyridamole. 


Ale e a a te PATE A Re oa 
Enhanced Sensitivity for Detection of Coronary Artery Disease {Ae 
by Addition of Atropine to Dobutamine Stress _ 
Echocardiography 

Albert J. McNeill, Paolo M. Fioretti, El-Said M. El-Said, Alesandro Salustri, 
Tamas Forster, and Jos R.T.C. Roelandt 


To assess the effect of the addition of atropine to dobutamine stress 
echocardiography in patients with negative stress echocardiograms, and | 
who did not achieve 85% predicted maximal heart rate during dobutamine 
alone, 49 patients who received atropine in addition to dobutamine were 
compared with 31 who achieved an adequate heart rate or positive test 
with dobutamine alone. The addition of atropine caused a significant 
increase in heart rate, achieving comparable peak heart rates, and resulted 
in similar sensitivities and specificities for the detection of coronary artery 
disease for the 2 groups without serious complications. 


47 

Initial Management and Long-Term Clinical Outcome of 
Restenosis After Initially Successful Percutaneous 
Transluminal Coronary Angioplasty 

William S. Weintraub, Ziyad M.B. Ghazzal, John $. Douglas Jr., Henry 
Liberman, Douglas C. Morris, Caryn L. Cohen, and Spencer B. King Ill 


The clinical experience with restenosis after elective percutaneous translu- 
minal coronary angioplasty (PTCA) was reviewed in 1,490 patients with- 
out prior PTCA or coronary bypass surgery. When restenosis was docu- 
mented, 363 were treated medically, 1,051 with repeat PTCA, and 76 
with coronary bypass surgery. Two patients who underwent coronary 
bypass surgery had Q-wave myocardial infarction with no deaths. In 
patients who had undergone repeat PTCA there were 778 with 1-vessel 
and 273 with multiple vessel disease. Re-dilatation of restenotic sites was 
performed in 95%, with a 99% angiographic success. Coronary bypass 
surgery was required in 2.5%. One patient with multiple vessel disease 
died. Actuarial 5-year survival was 95%. By the 5-year point, most pa- 
tients had repeat revascularization or an event. Survival correlated with 
age and diabetes mellitus. At 5 years, survival without diabetes was 97, 
and 83% with diabetes (p = 0.0002). By carefully selecting therapy, ex- 
cellent initial results and long-term prognosis may be achieved. 


ee eee 
Usefulness of a Postoperative Exercise Test for Predicting 
Cardiac Events After Coronary Artery Bypass Grafting 

Sinikka Yli-Mayry, Heikki V. Huikuri, K. E. Juhani Airaksinen, Markku J. 
Ikäheimo, Markku K. Linnaluoto, and Juha T. Takkunen 


The value of a postoperative exercise test for predicting cardiac events wae 

after coronary artery bypass grafting (CABG) was prospectively studied a 

in 231 consecutive, angiographically controlled patients. During a 5-year = 

follow-up there were 28 cardiac events (12%). The rate of graft. patency het. | 

did not differ between groups with and without cardiac events, but ejection ee 
Continued on page A29 | oe 
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eos fraction was lower’ in patients with cardiac events. Duration of the ¢ exercise — 

=~ test was shorter, and maximal work load was lower in patients with cardiac 

_ events, but in the multivariate Cox regression model, no exercise variable o 

had predictive value for future cardiac events. The predictive valueofa = 

postoperative exercise test appears to be limited, and signs of left ventricu- 

‘lar dysfunction are of greater significance for the 5-year prognosis after 
CABG. mee 






7 Copaon. of | Patient-Reported Outcomes After Elective 
Coronary Artery Bypass Grafting in Patients Aged 2 and <65 
Years ; 
Edward Guadagnoli, John Z. Ayanian, and Paul D. Cleary 











The elderly represent a growing proportion of patients undergoing 6s ro- 
nary artery bypass graft (CABG). Although functional benefits after 
CABG have been demonstrated in younger patients, little is known abc ut 
the impact of CABG on the elderly. A number of postsurgical (61 month as) 
health-related quality-of-life outcomes reported by patients aged < and 
265 years who underwent elective CABG at 4 major teaching hospit als — 
were compared. Older patients reported functional benefits similar to — 
those reported by younger ones, and the factors associated with better = 
functioning did not vary by age group. | | i 








65 
Increased Onset of Sudden Cardiac Death i in the First Three 

Hours After Awakening- 

Stefan N. Willich, Robert J. Goldberg, Malcolm Maclure, Lucy Perriello, 
-and James E. Muller 





A circadian variation of sudden cardiac death has been documented. but Too ae 
its relation to individual time of awakening and possible triggering events 
EE has not been studied in the general population. The time of day of 94 cases 
of sudden cardiac death (mean age 61 + 9 years, 74% men), identified by 
- monitoring of mortality records in 4 city halls in Massachusetts, demon- 
strated a circadian variation (p <0.05) with a peak from 9:00 A.M. to 
12:00 noon. An analysis of time of death adjusted for individual wake- 
times of the decedents demonstrated an increased onset of sudden cardiac _ 
death during the initial 3-hour interval after awakening with a relative risk 
_ of 2.6 (95% confidence interval 1.6, 4.2) compared with other times of the 
day. The increased risk of sudden cardiac death soon after awakening 
suggests specific triggering factors or mechanisms that are particularly 
-likely to occur during this time and indicates the need to reevaluate 
preventive strategies. 


Continued on page A33 
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‘Effectiveness: of Loading Oral Flecainide for Converting 
Recent-Onset Atrial Fibrillation to Sinus Rhythm in Patients | 
Without Organic Heart Disease or With Only Systemic 
Hypertension | 
Alessandro. Capucci, Tiziano Lenzi, Giuseppe Boriani, Giuseppe. Trisolino, 
Nicola Binetti, Mario Cavazza, Giovanni Fontana, and Bruno Magnani 





Sixty-two patients with recent-onset atrial fibrillation (New York Heart. 

Association functional class 1 and 2) were randomized to treatment with — 
flecainide (single oral loading dose), amiodarone (intravenous bolus fol- 
lowed by intravenous infusion) or placebo. The rate of conversion to sinus 
rhythm within 8 hours was statistically higher with flecainide (91% of 
patients) than with amiodarone (37%) or placebo (48%). Resumption of 
sinus rhythm within 24 hours occurred in 95% of patients treated with 
flecainide and in 89% treated with amiodarone. No- major side effects 
occurred. In conclusion, flecainide administered orally in a single loading 
dose is highly ¢ effective in converting recent-onset atrial fibrillation to sinus 
E rhythm and is more rapid than is intravenous amiodarone. This in-hospital 
regimen was safe and well-tolerated. 


Elec ecards whic Changes and Arrhythmias After Cancer 
-Therapy in Children and Young Adults 

Ranae L. Larsen, Regina |. Jakacki, Victoria L. Vetter, Anna T. Meadows, 
Jeffrey H. Silber, and Gerald Barber 





_ Whereas acute electrocardiographic changes and ssrhivthislas' te can occur 


_ during cancer therapy with anthracyclines or mediastinal irradiation, the 


A chronic effect of these therapies in children is unknown. Twelve-lead ‘and 


- 24-hour electrocardiograms were recorded to study the late effects of these 
therapies in 134 children and young adults. The frequency of atrioventric- 
ular block, corrected QT interval >0.44, abnormal Q waves, and supra- 


7 ventricular and ventricular arrhythmias were increased compared with 








results in age-matched normal subjects. Most patients had abnormalities 
limited to single supraventricular or ventricular premature complexes; 

however, potentially serious ventricular ectopies, including ventricular 
pairs and ventricular tachycardia were noted in patients with cumulative 
doses >200 mg/m. In patients treated in childhood for cancer, electro- 
cardiographic changes and arrhythmias are not limited to the acute phase 
of cardiac toxicity. Survivors who have received anthracyclines or cardiac 
irradiation should undergo ambulatory electrocardiography as part of 
their long-term follow-up care. | 
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Stimulation of the Summit of the Right | Ventricular Aspect of 

-the Ventricular Septum During Orthodromic Atrioventricular 
Reentrant Tachycardia os 
Jeffrey Goldberger, Yinshi Wang, and Mel vin Scheinman z 


Application of ventricular premature complexes (VPCs) fee | the , debt. ooo. i 
ventricular (RV) apex during orthodromic atrioventricular (AV) reen- = 
trant tachycardia has limitations both in the ability to shorten the succeed- 

ing atrial cycle length and in helping to identify accessory pathway loca- 

tion. Stimulation from the summit of the RV septum during AV reentrant 
tachycardia was investigated as a new technique to improve the diagnostic 

use of applying VPCs during AV reentrant tachycardia. Stimulation of 

the summit of the RV septum improves the ability of VPCs to shorten the 

atrial cycle length during AV reentrant tachycardia. This improvement is 

most marked in patients with left free wall accessory pathways, but is also 
evident in those with posteroseptal accessory pathways. 


SYSTEMIC HYPERTENSION 


86 i 

Silent Myocardial Ischemia in Men With Systemic | 
Hypertension and Without Clinical Evidence of Coronary 
Artery Disease 

David Siegel, Melvin D. Cheitlin, Dana G. Seeley, Dennis M. Black, and. 
Stephen B. Hulley 


The prevalence, characteristics and circadian pattern of silent myocardial ca 
ischemia on 24-hour Holter monitoring, and its association with ventricu- 

lar arrhythmias was studied in hypertensive men aged 35 to 70 years 
(mean 61) without clinical cardiac disease. Silent myocardial ischemia 
occurred in 50 of 186 men (27%) and lasted from 2 to 289 minutes (mean 
30 and median 18). Men were less likely to have silent myocardial isch- _ 
emia from midnight to 6 A.M. than at other times of the day. There was 
little difference in the proportion of men with ventricular arrhythmias. oD tes 
compared to those without silent myocardial ischemia. These findings = 
suggest that silent myocardial ischemia occurs in approximately 25% of | | 
older population of hypertensive men without clinical cardiac disease and = = 
that the circadian pattern of silent ischemic episodes in men free of clinical 
cardiac disease is similar to that reported for patients with cardiac disease. 


Effects of Combined Hydrochiorothiazide and Amiloride Versus 
Single Drug on Changes in Salt Taste and Intake 
Richard D. Mattes and Karl Engelman 





‘Hydrochlorothiazide stimulates salt intake without altering salivary or 
gustatory function. Amiloride reportedly reduces salivary sodium levels — — — — 
and salt taste. It was hypothesized that these unintended drug actions — © =- 
would be attenuated by concurrent use of these 2 diuretics. Normotensive == 
adults (n = 23) were administered placebo for 2 weeks, active combina- a a 
tion drug Moduretic® for 4 weeks, and placebo again for 2 weeks i in a Meee! i 


Continued on page A39 
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double-blind protocol. Salivary flow, gustatory function and sodium in- = 
take were monitored at the end of each period, together with selected = 
physiologic measures (i.e., plasma aldosterone, plasma renin activity, e 
body composition, blood pressure and heart rate). No significant changes 
were observed for salivary flow, salt taste or sodium intake. These findings 
Andicate that amiloride and hydrochlorothiazide used in combination can | 
reduce drug effects that may compromise the efficacy of either drug when © 
used alone. | 









METHODS 


Improvement of Automated Electrocardiographic Diagnosis by F 
Combination of Computer Interpretations of the aa 
. Electrocardiogram and Vectorcardiogram 

Jan A. Kors, Gerard van Herpen, Jos L. Willems, and Jan H. van Bemmel 





This study investigated whether the combination of 2 computer programs 
_ for the interpretation of the electrocardiogram (ECG) and of the vector- _ 
cardiogram (VCG) would yield a better diagnostic result than either one 
separately. This would require that a VCG always be recorded in addition __ 
_ tothe ECG. To circumvent this complication, the VCG was reconstructed _ 
- from the ECG. This reconstructed VCG was then interpreted by the VCG 
program, whereupon the interpretations of ECG and reconstructed VCG 
-were combined. The combination of the ECG and VCG interpretations — 
_ yielded a better diagnostic result than each interpretation separately. The 
? performance of the combined interpretations of the ECG and reconstruct- 
ed VCG is similar to that of the combined ECG and VCG. Thus, the — 
4 performance of an ECG computer program can be improved by incorpo- = 
tating both ECS and VCG aa gi knowledge, using only the Eca: a 
itself. 
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Agg ravation of Arrhythmia by Antiarrhythmic Drugs, and the 
- -important Role of Underlying Ischemia 
SES Philip J. Podrid and Richard |. Fogel 


103 
_ Reduction of QT-Interval imprecision and Variance by 

Measuring the JT Interval 

David H. Spodick 
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ee ‘Stenting for Elastic Recoil During Coronary Angioplasty < of the 
_ Left Main Coronary Artery | 
ae - Carlos Macaya, Fernando Alfonso, Andrés Iñiguez, Javier Goicolea, Rosa = 
a o a and Pedro Zarco a 
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111 
Disparate Serum Lipid Changes Between Normotensive “J 
Hypertensive Women During the Menstrual Cycle | 

Eva A. Karpanou, Gregory P. Vyssoulis, Dorita G. Georgoudi, Marina G. 
Toutouza, and Pavios K. Toutouzas 





114 
Atrial and Ventricular Approaches for Radiofrequency 
Catheter Ablation of Left-Sided Accessory Pathways | 
Andrea Natale, Mark Wathen, Raymond Yee, Kevin Wolfe, and 
George Klein 





116 
Doppler Detection of Valvular Regurgitation After | 

Radiofrequency Ablation of Accessory Connections _ 
L; LuAnn Minich, A. Rebecca Snider, and MacDonald Dick Il 





117 
Safety of Percutaneous Transvenous Balloon Mitral l 
Commissurotomy in Patients with Mitral Stenosis and 
Thrombus in the Left Atrial Appendage 

Wen-Jone Chen, Ming-Fong Chen, Chiau-Suong Liau, Chau-Chung Wu, 
and Yuan-Teh Lee 





1 Doo re ee 
The Four Subtypes of Anomalous Origin of the Left Main . 
Coronary Artery from the Right Aortic Sinus (or from the | 
Right Coronary Artery) 

William C. Roberts and Jamshid Shirani 


ae ee ee a 
Congenital Hypoplasia of Both Right and Left Circumfiex 
Coronary Arteries 

Wiliam C. Roberts and Brian N. Glick 


123 


Age with Extracranial Carotid Arterial Disease and/or Mitral 
Annular Calcium 
Wilbert S. Aronow, Myron R. Schoenfeld, and Hal Gutstein 


125 
Echocardiographic Frequency and Severity of Aortic 
Regurgitation After Ultrasonic Aortic Valve Debridement for. 
- Aortic Stenosis in Persons Aged >65 Years na 
Patrice A. McKenney, Gary J. Balady, Thomas J. Ryan, and 
: Richard J. Shemin : 





Continued on page A43 
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128 

Sinus Node Artery Occlusion for Treatment of Chronic 
Nonparoxysmal Sinus Tachycardia | Ta 
Angelo A. V. de Paola, Leonard N. Horowitz, Antonio C. Vattimo, Flavio : 
B. R. Marques, Mauro H. Miyamoto, Dario F. Ferreira, ArmenioB. = 
Terzian, Claudio Cirenza, Igor A. De Souza, Oscar P. Portugal, and 
Eulogio Emilio. Martinez Fo 








- Cardiomyopathy | 
Barry J. Maron, Heinrich G. Klues, and Charles Mcintosh 


132 a ee 
Reversible Dilated Cardiomyopathy Due to Thyrotoxicosis | 
E. Joseph Bauerlein, C. Simon Chakko, and Kenneth M. Kessler a 
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Compatible with other antihypertensives 


Potentiates the efficacy of a widely used ACE inhibitor' 


Complements the action of calcium antagonists’ 


Effectively controls hypertension with 
no adverse effect on lipids** 


The fastest growing brand of diuretic 
when used in combination with 
AGE inhibitors or calcium antagonists * 


*Scott-Levin Associates, Inc., Physician Drug and Diagnosis Audit (PDDA), 


January 1991--December 1991. 


Please see brief summary of prescribing information below. 


LOZOL® (indapamide) 2.5 mg tablets 
BRIEF SUMMARY 


INDICATIONS AND USAGE: LOZOL Lae oprah is indicated for the treatment of 
hypertension, alone or in combination with other antihypertensive drugs, and for the 
treatment of salt and fluid retention associated with congestive heart failure. 
Usage in Pregnancy: See PRECAUTIONS. 


CONTRAINDICATIONS: Anuria, hypersensitivity to indapamide or other sulfonamide- 
derived drugs. 
WARNINGS: infrequent cases of severe hyponatremia, accompanied by hypokalemia, 


have been reported with the use of recommended doses of indapamide primarily in 
elderly females. Symptoms were reversed by electrolyte replenishment (see 


PRECAUTIONS). mia occurs commonly with diuretics (see ERSE 
REACTIONS, ), and electrolyte monitoring is essential. In general, diuretics 
should not be given with lithium. 


PRECAUTIONS: Perform serum electrolyte determinations at appropriate intervals, 
especially in patients who are vomiting excessively or receiving parenteral fluids, in 
patients subject to electrolyte imbalance, or in patients on a salt-restricted diet. in 
addition, patients should be observed for clinical signs of fluid or electrolyte imbalance, 
such as hyponatremia, hypochloremic alkalosis, or hypokalemia. The risk of 
hypokalemia secondary to diuresis and natriuresis is increased with larger doses, with 
brisk diuresis, with severe cirrhosis, and with concomitant use of corticosteroids or 
ACTH. Interference with adequate oral intake of electrolytes will also contribute to 
hypokalemia. mia can sensitize or exaggerate the response of the heart to the 
toxic effects of digitalis, such as increased ventricular irritability. — 

Sis pratense aens 


periodically. 

Use with caution in patients with severe renal disease; consider withholding or 

pawana ma if progressive renal impairment is observed. Renal function tests should 
pe 

Use with caution in patients with impaired hepatic function or progressive liver disease, 

since minor alterations of fluid and electrolyte balance may precipitate hepatic coma. 

Latent diabetes may become manifest and insulin requirements in diabetic patients 

may be altered during thiazide administration. Serum concentrations of glucose should 


INUDAFAMD) 


be monitored routinely during treatment with indapamide 

Calcium excretion is decreased by diuretics pharmacologically related to indapamide, 
Serum concentrations of calcium increased only slightly with indapamide in long-term 
Studies of hypertensive patients. Indapamide may decrease serum PBI levels without 
signs of thyroid disturbance. Complications of hyperparathyroidism have not been 
seen. Discontinue before tests of parathyroid function are performed. 

Thiazides have exacerbated or activated systemic lupus erythematosus. Consider this 
possibility with indapamide. 


DRUG INTERACTIONS: LOZOL may add to or potentiate the action of other 
antihypertensive drugs. The antihypertensive effect of the drug may be enhanced in 
the postsympathectomized patient. Indapamide may decrease arterial responsiveness 
to norepinephrine, but this does not preclude the use of norepinephrine. 

In mouse and rat lifetime carcinogenicity studies, there were no significant differences 
in the incidence of tumors between the indapamide-treated animals and the control 
groups. 


Pregnancy Category B: Diuretics cross the placental barrier and appear in cord blood. 
Indapamide should be used during pregnancy only if clearly needed. Use may be 
associated with fetal or neonatal jaundice, thrombocytopenia, and possibly other 
adverse effects that have occurred in adults. It is not known whether this drug is 
excreted in human milk. If use of this drug is deemed essential, the patient should stop 
nursing. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient. From 
Phase II placebo-controlled studies and long-term controlled clinical trials, adverse 
reactions with > 5% cumulative incidence: headache, dizziness, fatigue, weakness, 
loss of energy, lethargy, tiredness or malaise, muscle cramps or spasm or numbness 
of the extremities, nervousness, tension, anxiety, irritability or agitation; < 5% 
cumulative incidence: lightheadedness, 


pain hypotension, premature ventricular contractions, 
irregular heart beat, palpitations, frequency of urination, nocturia, polyuria, rash, hives, 
ritus, vasculitis, impotence or reduced libido, rhinorrhea, flushing, hyperuricemia, 
mia, hyponatremia, hypochloremia, increase in serum BUN or creatinine, 
glycosuria, reali eax ry AANA, tingling of extremities. Hypokalemia with 
prasad s oaks ph ptoms occurred in 3% of patients receiving 
rianimare pehur of patients receiving indapamide 5 m r Witte 
E nd V AAU hoster tie aeons ol daly doses 
othiazide, however, 47% of patients receiving 
dana 2 ite 2% of patients receiving indapamide 5 mg, and 44% of patients 
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receiving Mkaa pee ky prop oE are eg inp anda 
11 taken during the study) below 3.5 mEq/L. On the indapamide 2.5 mg group, over 
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-= Gemfibrozil-Lovastatin Therapy for 
Primary Hyperlipoproteinemias 


Charles J. Glueck, MD, Nancy Oakes, BA, James Speirs, BA, 
Trent Tracy, PA, and James Lang, MD 


The specific aim of this retrospective, observation- 
al study was to assess safety and efficacy of long- 
term (21 months/patient), open-label, gemfibrozil- 
lovastatin treatment in 80 patients with primary 
mixed hyperlipidemia (68% of whom had athero- 
sclerotic vascular disease). Because ideal lipid tar- 
gets were not reached (low-density lipoprotein 
(LDL) cholesterol <130 mg/dl, high-density lipo- 
protein (HDL) cholesterol >35 mg/dl, or total cho- 
lesterol/HDL cholesterol <4.5 mg/dl) with diet 
plus a single drug, gemfibrozil (1.2 g/day)-lovasta- 
tin (primarily 20 or 40 mg) treatment was given. 
Follow-up visits were scheduled with 2-drug ther- 
apy every 6 to 8 weeks, an average of 10.3 visits 
per patient, with 741 batteries of 6 liver function 
tests and 714 creatine phosphokinase levels mea- 
sured. Only 1 of the 4,446 liver function tests 
(0.02%), a gamma glutamyl transferase, was 23 
times the upper normal limit. Of the 714 creatine 
phosphokinase levels, 9% were high; only 1 
(0.1%) was >3 times the upper normal limit. With 
2-drug therapy, mean total cholesterol decreased 
22% from 255 to 200 mg/di, triglyceride levels 
decreased 35% from 236 to 154 mg/dl, LDL cho- 
lesterol decreased 26% from 176 to 131 mg/dl, 
and the total cholesterol/HDL cholesterol ratio de- 
creased 24% from 7.1 to 5.4, all p <0.0001. 
Myositis, attributable to the drug combination and 
symptomatic enough to discontinue it, occurred in 
3% of patients, and in 1% with concurrent high 
creatine phosphokinase (769 U/liter); no patients 
had rhabdomyolysis or myogiobinuria. Gemfibro- 
zil-lovastatin treatment mandates careful clinical 
follow-up with serial creatine phosphokinase and 
liver function tests in reliable patients who (1) do 
not respond optimally to 1-drug therapy, (2) are 
well informed about possible myositis, and (3) are 
prepared to discontinue 2-drug therapy at earliest 
onset of myositis symptoms. Within this frame of 
reference, combined gemfibrozil-lovastatin treat- 
ment is safe and effective, reducing total and LDL 
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cholesterol, triglycerides, and the total cholester- 
ol/HDL cholesterol ratio to levels at which regres- 
sion of coronary artery disease may occur. 

' {Am J Cardiol 1992;70:1-9) 


ol and raising high-density lipoprotein (HDL) 

cholesterol by a variety of therapies reduces-cor- 
onary heart disease morbidity and mortality, retards 
progression of coronary artery atherosclerosis, and often 
induces regression.!-!! To lower LDL cholesterol and 
raise HDL cholesterol to optimal target levels (<130 
mg/dl, >35 mg/dl),'*!? 2-drug therapies are often re- 
quired, particularly in high-risk patients with combined 
hyperlipidemias.'*-!9  Gemfibrozil-lovastatin lowers 
LDL cholesterol and triglyceride levels and raises HDL 
cholesterol,'4-!9 and is more effective than gemfibrozil- 
resin.!6 Nicotinic acid-resin and lovastatin-resin have 
been used primarily to lower LDL cholesterol!>6; lo- 
vastatin-nicotinic acid is rarely used because of hepato- 
toxicity and increased risk of rhabdomyolysis.2? Gem- 
fibrozil-lovastatin mandates very careful serial monitor- 
ing!+!? because myopathy, rhabdomyolysis, myoglobin- 
uria and renal injury have been reported,?!,22 particular- 
ly in patients receiving concomitant cyclosporine. Our 
specific aim in this retrospective, observational, and pre- 
dominantly secondary prevention study was to assess 
the safety and efficacy of open-label therapy with diet, 
gemfibrozil and lovastatin in 80 patients with primary 
mixed hyperlipidemias over an average 2-drug treat- 
ment span of 21 months/patient. 


R asc low-density lipoprotein (LDL) cholester- 


METHODS 

Patients: The 80 patients (50 men [age 54 + 11 
years], 30 women [age 60 + 8 years}) had severe pri- - 
mary, and for the most part, mixed hyperlipidemias 
(high cholesterol, triglyceride, low HDL cholesterol) !4 
(Figures 1 to 4); 68% had atherosclerotic vascular dis- 
ease (Table I). There were 78 whites, 1 black and 1 
other, all referred for diagnosis and therapy of hyperlip- 
idemias in our outpatient cholesterol center. Hyperlipid- 
emias secondary to drugs, excessive alcohol or diseases 
(nephrotic syndrome, poorly controlled diabetes melli- 
tus, hypothyroidism, uremia, and so forth), were ruled 
out by history, physical examination and laboratory 
testing.!4 
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Study design: This report represents a retrospective 
compilation of all patients with serial systematic follow- 
up in our cholesterol center who received gemfibrozil- 
lovastatin therapy, and who met the following 3 selec- 
tion criteria: 

1, Primary hyperlipoproteinemias. 

2. Failure to achieve targeted lipid and lipoprotein 
cholesterol goals (total cholesterol <200 mg/dl, LDL 
cholesterol <130 mg/dl, HDL cholesterol >35 mg/dl,!3 
total cholesterol/HDL cholesterol <4.5 /1'>) with diet 
and either gemfibrozil or lovastatin. 

Criteria 1 and 2 were met by 71 patients, 20 initially 
taking lovastatin alone, and 51 initially taking gemfi- 
brozil alone. 

Nine patients with primary hyperlipidemias were 
also included who did not meet the 1 drug at baseline 
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criterion, 5 who simultaneously began therapy with 
gemfibrozil and lovastatin at baseline after consultation 
with their family physicians, and 4 referred to us who 
were already taking gemfibrozil-lovastatin.. These 9 pa- 
tients were included in the analyses after finding no dif- 
ference between changes (from baseline until the last 
visit) in their lipids and lipoproteins with 2-drug therapy 
compared to changes in the 71 patients originally taking 
single drug therapy (p >0.1). 

Our current study does not include the 25 patients 
previously reported fram our center on gemfibrozil-lo- 
vastatin for a mean of 12.5 months!> to allow us to pre- 
sent entirely new, heretofore unpublished data. 

3. Two-drug therapy with lovastatin and gemfibrozil 
for =6 months. 

Eighty patients met all 3 of the aforementioned cri- 
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FIGURE 1. Mean (SD) baseline and (with 
gemfibrozil-lovastatin) final plasma total 
cholesterol, triglyceride, low-density lipo- 
protein (LDL) cholesterol, high-density li- 
poprotein (HDL) cholesterol (mg/dl), total 
cholesterol/HDL cholesterol ratio, and 
LDL/HDL cholesterol ratio in the total co- 
hort (n = 80). 
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FIGURE 2. Mean (SD) baseline and (with 
gemfibrozil-lovastatin) final plasma total 
cholesterol, triglyceride, low-density lipo- 
protein (LDL) cholesterol, high-density li- 
poprotein (HDL) cholesterol (mg/dl), total 
cholesterol/HDL cholesterol ratio, and 
LDL/HDt cholesterol ratio in 77 patients 
with baseline total cholesterol/HDL choles- 
terol ratio >4.5/1. 
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teria, and received gemfibrozil-lovastatin for an average 
of 21 months (range of 6 to 40) (Figure 5) and 10.3 
follow-up visits/patient. Ninety-two patients received 
gemfibrozil-lovastatin and met the first 2 criteria for 
study inclusion but not the third, who received 2-drug 
therapy within 6 months. To present an unbiased assess- 
ment of the reasons for stopping 2-drug therapy, we in- 
cluded, as a denominator, all 92 patients receiving gem- 
fibrozil-lovastatin, irrespective of how long the 2-drug 
therapy had been continued. 

Diet and combined gemfibrozil-lovastatin therapy: 
Because 68% of the patients had atherosclerotic vascu- 
lar disease (Table I), we set the following target values 
with the goal of stopping atherosclerosis progression or 
initiating regression'~’: total cholesterol <200 mg/dl, 
LDL cholesterol <130 mg/dl, HDL cholesterol >35 


mg/dl, total cholesterol/HDL cholesterol ratio <4.5/ 
1.1-713.15 Lipid levels were first stabilized with diet, pri- 
marily the American Heart Association’s Step 1 and 2, 
or the National Institutes of Health Types IV or V.! 
Gemfibrozil, usually 1.2 g/day, was the initial lipid-low- 
ering drug used in 51 patients who, with diet, retained 
high triglyceride or low HDL cholesterol, or both, often 
accompanied by high LDL cholesterol. Lovastatin, usu- 
ally 20 mg/day, was. administered as the initial lipid- 
lowering drug in 20 patients whose high LDL cholester- 
ol predominated, often accompanied by low HDL cho- 
lesterol. 

When target lipid-lipoprotein ‘levels were not 
achieved with diet and 1-drug therapy, 2-drug therapy 
was begun (Table II). No attempt was made to ran- 
domize treatment to a placebo-controlled trial. We did 
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FIGURE 3. Mean (SD) baseline and (with 
gemfibrozil-lovastatin) final plasma total 
cholesterol, triglyceride, low-density lpo- 
protein (LDL) cholesterol, high-density fi- 
poprotein (HDL) cholesterol (mg/d), total 
cholesterol/HDI. cholesterol ratio, and 
LOL/HDL. cholesterol ratio in 49 patients 
with baseline HDL cholesterol <35 mz/di 
in men and <40 mg/dl in women. 
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FIGURE 4, Mean (SD) baseline and (with _ 


LDL/HDL cholesterol ratio in 28 
with baseline total cholesterol >240 mg/dl 
and triglyceride >200 mg/dl. 
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not follow a rigid stepwise dose regimen for lovastatin 
beyond trying to reach our lipid-lipoprotein targets!3.!5 
with the lowest lovastatin dose. Although our retrospec- 
tive, observational, secondary prevention study cannot 
provide the confidence obtained from a prospective, ran- 
domized, controlled clinical trial, our extended experi- 
ence with gemfibrozil-lovastatin should provide addi- 
tional useful information on the long-term safety and 
efficacy of what is becoming an increasingly more wide- 
spread pharmacologic practice, aggressive 2-drug man- 
agement of high-risk hyperlipidemic patients who do 
not respond optimally to monotherapy.*6!4-!9 
Follow-up visits on gemfibrozil-lovastatin therapy: 
Outpatient visits were scheduled every 6 to 8 weeks. Af- 
ter a 12-hour fast, at each visit, plasma lipids-lipopro- 


TABLE | Clinical Characteristics of the 80 Patients 


% of Pts. 


Definite coronary heart disease 
Myocardial infarction 
Angina 
Arrhythmias 
Angioplasty 
Coronary artery bypass surgery 
Definite coronary heart, or cerebrovascular, 
or peripheral vascular disease 

Stroke 
Transient cerebral ischemia. 

- Carotid artery bypass 
Claudication 
Peripheral arterial bypass 


Contributors to coronary heart disease risk 
Hypertension 
Smoking 
Diabetes 
Severe obesity 


Medications 
B Blocker 
Diuretic 
Calcium antagonist 
ACE inhibitors 
Enzyme inhibitor 
Oral hypoglycemic 
Insulin i 


Hypouricemic 
Aspirin or persantin 
Antianginal 
Antiarrhythmic 


Coronary heart disease risk factors (13) 

Male sex 

Family history of premature coronary heart 
disease (definite myocardial infarction 
or sudden death before age 55 years in 
a parent or sibling) 

Cigarette smoking (currently smokes > 10 
cigarettes/day) 

Hypertension 

HDL cholesterol (<35 mg/dl) 

Diabetes mellitus 

History of definite cerebrovascular or 3c- 
clusive peripheral vascular disease 

Severe obesity (> 30% overweight) 


*Coronary heart disease risk factor score (13) 
0 ] 2 3 4: 5 6 7 
Number of patients by coronary heart disease risk factor score 
(3) (4) (16) (17) (16) (12) @) {4 (D 
ACE = angiotensin-converting enzyme; HDL = high-density lipoprotein. 








tein cholesterol levels were measured in our lipid re- 
search clinic’s standardized laboratory,” liver function 
tests were performed, and at most visits creatine phos- 
phokinase was measured. At each visit, an interval his- 
tory was compiled, a brief physical examination was . 
performed, and questions were systematically asked 
about myalgias, myositis and muscle tenderness. Major 
skeletal muscle groups were examined regularly at each 
visit for. muscle tenderness. Patients were given a 24- 
hour phone number to our center, with instructions to 


call if muscle cramping, weakness or tenderness devel- 


oped. Dietary adherence was emphasized by repeated 
visits with our dietitians, and by the use of a 7-day diet 
record for review of intake 1 week before the center 
visit. 

To focus on the relationship of high creatine phos- 
phokinase levels at baseline to high levels on follow-up, 
we separated the 6 and 61 patients having high and nor- 
mal creatine phosphokinase at baseline (Table III). In 
13. additional patients, having baseline liver function - 
tests and lipid profiles, baseline creatine phosphokinase > 
levels were not measured, but were subsequently ob- 
tained. 

Statistical analysis: Because lipid-lipoprotein cho- 
lesterol levels were not normally distributed (Shapiro- 
Wilk test),24 nonparametric paired Wilcoxon signed- 
rank tests were used to compare baseline and final val- 
ues (Figures 1 to 4, 6 and 7). Mean values are displayed 
in Figures 1 to 4, 6 and 7; the significance values are 
from the Wilcoxon test.24 One-way analysis of vari- 
ance*+ was used to compare the percentage of high cre- 
atine phosphokinase levels in patients by lovastatin dose 
(Table II). 


RESULTS 
_ Patient characteristics at baseline: At eis 
despite the fact that 71 patients were taking 1-drug 


therapy (51 gemfibrozil, 20 lovastatin), and 4 more 


were receiving gemfibrozil-lovastatin, there was still se- 
vere mixed hyperlipidemia (Figures 1 to 4). At baseline, 
77 of the 80 patients (96%) retained a total cholesterol/ 
HDL cholesterol ratio >4.5/1, and had mixed hyper- 
lipidemia (Figure 2). Moreover, 61% of the patients had 
low HDL cholesterol at baseline!-!4 (<35 mg/dl in 
men, <40 in women) (Figure 3), and also exhibited 
mixed hyperlipidemia. At baseline, 35% of the patients 
had high total cholesterol (>240 mg/dl) and triglycer- 


| ides (>200 mg/dl) (Figure 4). 


Of the 80 patients, 68% had already sustained ath- 
erosclerotic vascular disease; 48% had definite coronary 
heart disease, and 39% had cerebrovascular or occlusive 
peripheral vascular disease (Table I). Of the 80 pa- 
tients, 49% had hypertension, 48% had low basal HDL 
cholesterol (<35 mg/dl!3), 34% had a family history of 
premature definite coronary heart disease, and 24% 
smoked cigarettes (Table I). Aspirin or persantin was 
given to 40% of the patients, and antihypertensive drugs 
were given to 46% of patients (Table I). Thus, this was 
predominantly a secondary prevention study. The mode 
of the coronary heart disease risk factor score!? distribu- 
tion was very high, 3 risk factors; 90% of the patients 
had 2 to 7 risk factors or D). 


4 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 JULY 1, 1992 


Baseline and follow-up glucose, renal, liver, and 
creatine phosphokinase tests: For glucose, blood urea 
nitrogen, creatinine, liver function, and creatine phos- 
phokinase tests, there were no significant changes (p 
>0.1) between the baseline and final visit with 2-drug 
therapy. Mean (SD) creatine phosphokinase at baseline 
(115 + 64 U/liter) and at the final visit (109 + 65 
U/liter) in the 67 patients with baseline creatine phos- 
phokinase measurements did not differ (p >0.1). 

The 67 patients with measurements of baseline cre- 
atine phosphokinases had 603 batteries of 6 liver func- 
tion tests during follow-up with 2-drug therapy (Table 
III). Of the liver function tests, 1.5% of total bilirubins 
were high, as were 3.2% of gamma glutamyl transfer- 
ases, 4.3% of serum glutamic oxaloacetic transaminases, 
8.0% of serum glutamate pyruvate transaminases, and 
8.1% of alkaline phosphatases (Table III). Of the 3,618 
follow-up liver function tests in these 67 patients, only 1 
(0.03%), a gamma glutamyl transferase, was 23 times 
the upper normal limit, the cutpoint identified by the 


- Food and Drug Administration guidelines as unaccept- 
ably high for patients taking lovastatin (Table HT). 


Of the 67 patients with a baseline creatine phospho- 
kinase, 6 and 61 patients had high and normal levels, 
respectively, at baseline (Table III). Patients with high 
creatine phosphokinase at baseline were 8 times more 
likely (48 vs 6%) to have high levels on subsequent fol- 
low-up tests than those with normal levels at baseline 
(chi-square = 80, p <0.0001) (Table IID). Of 576 cre- 
atine phosphokinase tests performed in the 67 patients 
with baseline creatine phosphokinase, 9% were above 
the laboratory upper normal limit for those taking 2- 
drug therapy, 3% were 1.5 times the upper normal limit, 
and 1 (0.2%) was 23 times the upper normal limit (Ta- 
ble ITT). 

In the 13 patients without baseline creatine phospho- 
kinase tests, with 138 batteries of 6 liver function tests 
and 138 creatine phosphokinase levels measured on fol- 


‘low-up, none of the liver function tests were 23 times 


the upper normal limit. Of the creatine phosphokinase 
levels, 7% were above the laboratory upper normal lim- 





FIGURE 5. Distribution of the number of 
months of combined therapy with gemfi- 
brozi and lovastatin in 80 patients with 
primary hyperiipoproteinemias, 67 with, 
13 without baseline creatine phosphokin- 
ases. 
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TABLE II High Follow-Up Creatine Phosphokinase in 80 
Patients Grouped by Lovastatin Dose at First and Final Visits on 
with Combined Therapy* 


Creatine Phosphokinase— 
No. of © YHigh Levels/ Patient 
Follow-Up ———————————— 


Tests 


Lovastatin Dose 


(mg) No. of Pts. X+SD F pValue 


First Visit 


(n=3) (n=4) 
Total 


40 4%+14 

60 or 80 4% +12 
(n=5) (n=) 

Total 5%+15 0.3 


*Gemfibrozil 0.9 g, 1.2 g, 1.5 gtaken by 1, 71 and 8 patients. 
{Two patients starting therapy with 10 mg/day, 57 with 20 mg/day. 
$Two patients taking 30 mg/day, 25 taking 40 mg/day. 


0.9 





it, 4% were 21.5 times the upper normal limit, and 
none were 23 times the upper normal limit. 

In all 80 patients, of the 714 creatine phosphokinase 
levels measured, 9% were elevated, only 3% were 21.5 
times the upper normal limit, and 0.1% was 23 times 
the upper normal limit. Of .4,446 total liver function 
tests performed, only 5% were above the upper normal 
limit and 1 (0.02%) was 23 times the upper normal 
limit. 

There were no significant differences in the percent- 
age of high creatine phosphokinase levels per patient 
taking 2-drug therapy, when comparing dose levels in 
the groups taking lovastatin (p 20.7) (Table II). 
 Lipid-lowering effects of gemfibrozil-lovastatin 
therapy: After an average of 21 months of 2-drug ther- 
apy in the 80 patients, compared with baseline levels, 
mean total cholesterol decreased from 255 to 200 mg/dl 
(22%), LDL cholesterol decreased from 176 to 131 
(26%), triglyceride levels decreased 35% from 236 to 
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TABLE fll Follow-up Liver Function and Creatine Phosphokinase Tests with Two-Drug oie in 67 Patients Taking 


Gemfibrozil-Lovastatin for a Minimum of Six Months 


Number of Patients with > 1 High Liver Function or Creatine Phosphokinase Test 


Total 


GGT 

SGOT 

SGPT 

Alkaline phosphatase 

Total bilirubin 

Direct bilirubin 

All CK 

Elevated CK at baseline 
(6 pts) 

Normal CK at baseline 
(61 pts) 
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CK = creatine phosphokinase; GGT = gamma glutamyl transferase; SGOT = serum glutamic oxaloacetic transaminase; SGPT = serum glutamic pyruvate transaminase. 


154, and the total chlesterol/HDL cholesterol ratio de- 
creased from 7.1 to 5.4 (24%) (Figure 1). In the 77 
patients with a baseline total cholesterol/HDL choles- 
terol ratio >4.5 and combined dyslipidemia, with 2- 
drug therapy mean total cholesterol decreased 23%, tri- 


glyceride decreased 35%, LDL cholesterol decreased - 


27%, and the total chlesterol/HDL cholesterol ratio de- 
creased 25% (Figure 2). In the 49 patients with low 
baseline HDL cholesterol (<35 mg/dl in men and <40 
mg/dl in women), with 2-drug therapy triglyceride lev- 
els decreased 39% and HDL cholesterol increased 16% 
from 32 (basal) to 37 mg/d] (final) (Figure 3). For the 
28 patients with baseline total cholesterol >240 mg/dl 
and triglyceride levels >200 mg/dl, with 2-drug therapy 
total cholesterol decreased 30%, triglyceride levels de- 





creased 57% from 317 to 137 mg/di, HDL cholesterol’ 
increased 8%, LDL cholesterol decreased 32%, and the 
total cholesterol/HDL cholesterol ratio was reduced by 
35% (Figure 4). 

Of the 80 patients, 28 (35%) taking 2-drug therapy 
achieved both LDL (<130 mg/dl) and HDL (>35 
mg/dl) cholesterol, with an 18% increase in HDL cho- 
lesterol (Figure 6). Of these 28 patients, the percentage 
taking lovastatin 20, 40 and 60 or 80 mg/day (53, 29° 
and 18%) did not differ from the 52 patients not achiev- 
ing LDL cholesterol <130 mg/dl and HDL cholesterol 
>35 mg/dl (46, 37 and 17%, chi-square = 1.5, p >0.4). 
Of the 80 patients, 36% achieved a final total cholester- 
ol/HDL cholesterol ratio <4.5 with a 26% increase in 
HDL cholesterol (Figure 7). 


ACHIEVING FINAL LDL-CHOLESTERO.<130mo/di 
AND HDL-CHOLESTEROL > 35 mg/d! (n=28) 
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FIGURE 6. Mean (SD) baseline and (with 
gemfibrozil-lovastatin) final plasma total 
cholesterol, triglyceride, low-density lipo- 
protein (LDL) cholesterol, high-density li- 
poprotein (HDL) cholesterol (mg/dl), total 
cholesterol/HDL cholesterol ratio, and 
LDL/HDL cholesterol ratio In 28 patients 
achieving final LDL cholesterol <130 
mg/dl and HDL cholesterol >35 mg/dl 
with 2-drug therapy. 
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Cessation of gemfibrozil-lovastatin attributable or 
not attributable to two-drug therapy: Overall, 92 pa- 
tients in the cholesterol center had taken gemfibrozil- 
lovastatin, with 80 entered into the current study, hav- 
ing taken 2-drug therapy 26 months (Figure 5). Of the 
remaining 12 patients, 8 are still taking the 2-drug regi- 
men, but have not (to date) taken 2-drug therapy for 
>6 months, and 4 patients stopped gemfibrozil-lovasta- 
tin before 6 months because of muscle symptoms. 

In 3 of the 92 patients (3%), because of muscle 
symptoms or high creatine phosphokinase, or both, 
which were potentially attributable to the 2-drug thera- 
py, gemfibrozil-lovastatin was discontinued. One of 
these 3 patients had a high creatine phosphokinase 
(769 U/liter). Five patients with symptomatic myalgias 
(with concurrent normal creatine phosphokinase levels) 
discontinued gemfibrozil-lovastatin for reasons not at- 
tributable to 2-drug therapy (lumbar and cervical disc 
syndromes, arthritis, diverticulitis). Of the 8 patients 
with symptoms leading to temporary or final cessation 
of 2-drug therapy, none had rhabdomyolysis, myoglo- 
binuria or renal failure. 


DISCUSSION 

Myopathy including rhabdomyolysis, myoglobinuria 
and renal failure in patients receiving gemfibrozil-lovas- 
tatin (often with concomitant cyclosporine) has previ- 
ously been reported.2!22 However, although the numer- 
ator (incident case or cases) is known, the denominator, 
the number of patients receiving gemfibrozil-lovastatin 
from which these cases were taken, is not known.2!.22 
When gemfibrozil-lovastatin therapy has been studied 
retrospectively!> or prospectively,!®!9 in which both the 
numerator (incident cases) and denominator (number 
of patients receiving 2-drug therapy) are known, there 
have been few to no problems with myositis, and none 


with rhabdomyolysis and renal injury. In our current 
study, myositis, symptomatic enough to discontinue 2- 
drug treatment, and attributable to gemfibrozil-lovasta- 
tin, occurred in 3% of patients, and in only 1% with 
concurrent high creatine phosphokinase (769 U/liter). 
No patient had rhabdomyolysis, myoglobinuria or renal 
failure.2!*2 Of those patients having high creatine phos- 
phokinase at baseline with 1-drug therapy, 48% of fol- 
low-up levels with 2-drug therapy were high versus only 
6% of high follow-up levels in patients with normal 
baseline creatine phosphokinase. This emphasizes the 
importance of knowing baseline creatine phosphokinase 
in the interpretation of elevated levels on follow-up. 

In 80 patients, 9% of follow-up creatine phosphoki- 
nase levels were high, 3% were 21.5 times the upper 
normal limit, and only 0.1% were 23 times the upper 
normal limit. The finding of 9% high creatine phospho- 
kinase levels with 2-drug therapy in the current study 
was very similar to that (11%) previously reported in 
339 of our hyperlipidemic patients receiving no lipid- 
lowering drugs.!5 Of the 1,663 patients taking placebo 
for 48 weeks in the Expanded Clinical Evaluation of 
Lovastatin study, 29% had high creatine phosphokinase 
with or without muscle symptoms versus 29 and 35% of 
patients receiving 20 and 40 mg/day of lovastatin.” 

In our clinical practice and in this study, gemfibro- 
zil-lovastatin therapy was restricted to high-risk pa- 
tients, 68% of whom had already sustained atheroscle- 
rotic vascular disease, with significant combined hyper- 
lipidemia despite diet and monotherapy. Moreover, 49% 
of our patients had hypertension, 61% had high-risk, 
low HDL cholesterol, 34% had a family history of pre- 
mature coronary heart disease and 24% smoked ciga- 
rettes. As in the current study, gemfibrozil-lovastatin 
therapy is best suited in high-risk patients with com- 
bined hyperlipidemias in whom monotherapy may 


ACHIEVING FINAL TOTAL-CHOLESTEROL/ 
HDL— -CHOLESTEROL RATIO < 4.5/1 (n=24) 
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FIGURE 7. Mean (SD) baseline and {with 
gemfibrozil-lovastatin) final plasma total - 
cholesterol, triglyceride, low-density lipo- 
protein (LDL) cholesterol, high-density E- 
poprotein rer cholesterol (mg/di), total 
cholesteroi/HDL. cholesterol ratio, and 
LDL/HDL. cholesterol ratio in 24 patients 
achieving a final total cholestero!l/HDL 
cholesterol ratio <4.5/1 with 2-drug ther- 
apy. 
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be insufficient.!>:!618.19.26 Nicotinic acid-lovastatin in- 
creases the risk of rhabdomyolysis*° and is a difficult 
combination to use because of nicotinic acid-mediated 
side effects?’ (flushing, itching, ulcerogenic, diabeto- 
genic, raising uric acid, hepatotoxicity), often forcing 
cessation of 2-drug therapy. Because resins may worsen 
preexisting hypertriglyceridemia,”® even in conjunction 
with nicotinic acid, this 2-drug combination may also 
not be optimal in treating combined hyperlipidemia. 
Resin-lovastatin, while potently lowering LDL choles- 
terol, may not elevate HDL cholesterol, and may raise 
triglycerides.>° With careful surveillance, gemfibrozil- 
lovastatin can be given within reasonable safety bound- 
aries!>.!6-!9 as in our current study, but a variety of 1-1? 
or 2-drug therapies can also be used, optimized to each 
patient. 

In the current study, in 80 patients who had not 
achieved optimal lipid-lipoprotein levels with diet and 1 
drug, gemfibrozil-lovastatin reduced cholesterol 22%, 
triglyceride 35% and LDL cholesterol 26% beyond the 
effects of I-drug therapy alone. This LDL cholesterol 
reduction was comparable to that induced by adding lo- 
vastatin to gemfibrozil reported by East et al.!6 Mean 
total and LDL cholesterol in our patients receiving 2- 
drug therapy, 200 and 131 mg/dl, approximated the 
values achieved in the Cholesterol Lowering Atheroscle- 
rosis and Familial Atherosclerosis Treatment studies! 
(on colestid-nicotinic acid), levels that led to stabiliza- 
tion and regression of coronary artery atherosclerosis in 
many patients.) 

Particularly in men and women with low HDL 
cholesterol, <35 and <40 mg/dl (61% of our cohort), 
1 drug alone often failed to raise HDL cholesterol 
>35 mg/dl, or to optimize the total cholesterol /HDL 
cholesterol ratio, whereas 2-drug therapy raised their 
mean HDL cholesterol from 32 to 37 mg/dl (16%) (p 
<0.0001), and decreased their total cholesterol/HDL 
cholesterol ratio 27% (p <0.0001). 

Congruent with previous studies,!>!®-!9 we found 
that gemfibrozil-lovastatin effectively modified lipopro- 
tein levels, with infrequent myositis and without rhab- 
domyolysis, myoglobinuria or renal failure. We have 
seen | patient who had total cholesterol of 515 mg/dl 
and triglyceride level of 2,090 mg/dl; while receiving 
gemfibrozil 1.5 g/day and lovastatin 40 mg, severe 
thigh and leg muscle weakness developed, with creatine 
phosphokinase increasing from 357 to 31,251 U/liter 
and myoglobinuria (350 ng/ml) occurring without renal 
injury. Her myopathy resolved entirely over 10 days 
with return of creatine phosphokinase to normal (123 
U/liter). 

Preexisting renal insufficiency or concurrent use of 
cyclosporine, nicotinic acid or erythromycin, or a com- 
bination, sharply increases the likelihood of myopa- 
thy?°29-32 well above the 0.5% reported for lovastatin 
alone.73:34 

Because myopathy, rhabdomyolysis, myoglobinuria 
and renal injury have been reported in patients taking 
gemfibrozil-lovastatin,?!24 those taking this combina- 
tion should be carefully monitored every 6 to 8 weeks, 
with palpation of skeletal muscles, and serial measure- 


ments of creatine phosphokinase and liver function. 
Gemfibrozil-lovastatin should be reserved, as in our cen- 
ter, predominantly for secondary prevention in high- 
risk, reliable patients with mixed hyperlipidemia who 
fail to respond optimally to 1-drug therapy, and who are 
well informed about the symptoms of possible myopa- 
thy. Patients should also have access to a 24-hour tele- 
phone “hot-line” to promptly report any muscle pain, 
tenderness or weakness, and should be instructed, if 
symptomatic, to discontinue 2-drug therapy pending 
further clinical evaluation. 
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CORONARY ARTERY DISEASE 


Comparison of Delay Times to Hospital 
Presentation for Physicians and Nonphysicians 
with Acute Myocardial Infarction 


Paul M. Ridker, MD, JoAnn Ẹ. Manson, MD, Samuel Z. Goldhaber, MD, 
Charles H. Hennekens, MD, and Julie E. Buring, ScD 


To evaluate whether patients who recognize the 
symptoms of myocardial ischemia and have easy 
access to medical care have shortened time delays 
between onset of symptoms and hospital presenta- 
tion, the total time interval between symptom on- 
set and hospital arrival for 258 U.S. male physi- 
cians experiencing a first acute myocardial infarc- 
tion (AMI) in the Physicians’ Health-Study (PHS) 
was compared with that of a comparable group of 
240 men enrolled in the U.S. component of the 
‘Second International Study of Infarct Survival 
(ISIS-2), as well as with those of previously pub- 
lished series of patients with AMI. For patients | 
presenting for medical care within 24 hours of . 
symptom onset, the median time delay from onset 
of symptoms to presentation for medical care was 
1.8 hours in the PHS, and 4.9 hours in the U.S. | 
component of ISIS-2 (p <0.001). Furthermore, 
56% of participants in the PHS presented for 
medical care within 2 hours and 72% within 4 
hours of symptom onset compared with 20% {p 
<0.001) and 44% (p <0.001), respectively, for 
ISIS-2 participants. In previously published series, 
the average time to presentation was comparable 
to that in the ISIS-2 trial, with variation depending 
on country of origin and on local population densi- 
ty. The median time to medical presentation in any 
previous series was not shorter than that in the | 
PHS. Thus, physicians in the PHS had significant- 
ly shorter time delays between onset of symptoms 
and presentation for medical care. This difference 
may help explain the far lower than expected car- 
diovascular mortality rates among physician par- 
ticipants in the PHS. Furthermore, the data pro- - 
vide encouraging evidence that shorter delay 
times from onset of symptoms to hospital presen- 
tation can be achieved. 

(Am J Cardiol 1992;70:10-13) 
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pital presentation is a critical factor in determin- 

ing both short- and long-term mortality after 
acute myocardial infarction (AMI).'~3 In general, ap- 
proximately 50% of all cardiovascular deaths occur in 
the prehospital phase of AMI, a time period usually be- 
tween 3 and 6 hours after onset of symptoms. It is dur- 
ing these early hours that lifesaving defibrillation,4* as « 
well as the initiation of therapies such as aspirin, 6 - 
blockade and thrombolysis,’-!5 has been shown to be 
most effective. In recent years, it was suggested that 
reductions in 2 potentially modifiable factors — patient 
decision and transportation time —- may lead to a short- 
ening of the total delay between symptom onset and 
presentation for care.73.!¢-23 Although patient education 
programs designed to reduce decision time, and special- 
ized ambulance programs designed to reduce transpor- 
tation time are generally believed to be useful,?*-° little 
objective population-based data demonstrating the effi- - 
cacy of these services are available. We hypothesized 
that a group of patients well-educated in the recognition 
of myocardial ischemic symptoms who also had easy 
and rapid access to medical facilities may have shorter 
total delay times to hospital presentation than those of 
the general population. On an a priori basis, physicians 
would appear to be 1 such patient group. Thus, in this . 
analysis we compare the time delay to hospital presenta- 
tion for physicians experiencing AMI in the Physicians’ 
Health Study (PHS)? with that of a similar group of - 
nonphysicians experiencing AMI in the U.S. component 
of the Second International Study of Infarct Survival 
CISIS-2).! 


T he time delay between onset of symptoms and hos- 


METHODS 

All patients with a first AMI in either the PHS or 
the U.S. component of ISIS-2 were screened for eligibil- 
ity in this analysis. The PHS is a randomized, double- 
blind, placebo-controlled trial of aspirin and -carotene 
in the primary prevention of cardiovascular disease and 
cancer among 22,071 U.S. physicians (aged 40 to 84 
years) with no history of AMI, stroke or transient isch- 
emic attacks.” Time delay between symptom onset and 
hospital presentation for AMI was obtained by review- 
ing the emergency room or attending physician notes 
from the time of admission. The ISIS-2 trial was an. 
international, randomized, double-blind, placebo-con- 
trolled trial of aspirin or streptokinase, or both, in re- 
ducing cardiovascular mortality among 17,187 patients 
with suspected developing AMI presenting to the hospi- 
tal within 24 hours of symptom onset.!! The length of 
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time between symptom onset and hospital presentation 
was recorded at randomization for each participant. 

To increase comparability between subjects enrolled 
in the PHS and ISIS-2, only those who met inclusion 
criteria for both trials were included in the current anal- 
ysis. Thus, eligibility was restricted to U.S. men aged 
>40 years with no history of AMI, who had AMI be- 
tween 1982 and 1988, and for whom time to presenta- 
tion was known to be <24 hours. Of the 378 subjects 
with AMI in the PHS, 57 were ineligible for the current 
analysis because medical care was not obtained within 
24 hours of symptom onset. An additional 63 subjects 
were excluded because they had an out-of-hospital car- 
diac death, reported an AMI without seeking hospital- 
ization or had incomplete clinical data. Thus in all, 258 
PHS participants (68.2%) who had AMI met the com- 
bined entry criteria. Similarly, of 407 subjects with 
AMI in the U.S. component of ISIS-2, 167 were ex- 
cluded because they were women (n = 107) or had a 
prior AMI (n= 60). Thus, 240 ISIS-2 participants 
(59%) met the combined entry criteria. 

Median delay time to presentation was calculated 
for each trial. The significance of differences in median 
time to presentation between the PHS and the U.S. 
component of ISIS-2 was tested using a median test sta- 
tistic. Differences between the proportions of patients 
presenting within 2, 4 and 8 hours of onset of symptoms 
were tested by a chi-square statistic. All p values are 2- 
tailed. 

As a second comparison group, we identified 16 
studies that reported the median time interval between 
onset of symptoms and presentation for medical care 
among patients with AMI. Herlitz et al? previously 
summarized the available data that includes informa- 
tion from the Myocardial Infarction Community Regis- 
try? and the Metroprolol in Acute Myocardial Infarc- 
tion trial,’ as well as observational studies from Swe- 
den,” Boston, Massachusetts,!© Bethesda, Maryland,!7 
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FIGURE 1. Distribution of time delay between onset of symp- 
toms and treatment for 258 subjects with first myocardial in- 
farction in Physicians’ Health Study. 


Rochester, Minnesota,'® Palo Alto, California,!? and 
Doncaster, United Kingdom.” 


RESULTS 

Figure 1 presents the distribution of time intervals 
between onset of symptoms and presentation for medi- 
cal care for the 258 eligible male physicians with a first 
AMI in the PHS. Of these subjects, 144 (56%) present- 
ed within 2 hours of onset of symptoms. Specifically, 77 
physicians (30%) presented within 1 hour, and 67 (26%) 
between | and 2 hours after onset of symptoms. Only 
44 physicians included in this analysis (17%) presented 
for treatment between 8 and 24 hours after onset of 
symptoms. 

The distribution of time to presentation in ISIS-2 is 
markedly different. Of 240 subjects with AMI, only 48 
(20%) presented within 2 hours (Figure 2). Specifically, 
13 subjects (5%) presented within 1 hour, and 35 (15%) 
between 1 and 2 hours. In ISIS-2, the largest percent- 
age of patients presented between 4 and 8 hours, with 
71 (30%) seeking medical care after 8 hours. 

We calculated the median delay time for each study 
group (a measure of time delay minimally skewed by 
unusually early or late arrivers) to further compare 
these 2 distributions. The median time delay from onset 
of symptoms to presentation was 1.8 hours for partici- 
pants in the PHS compared with 4.9 hours in ISIS-2 (p 
<0.001). 

Because patients with AMI presenting within the 
first few hours of onset of symptoms may be more likely 


` to receive certain therapies (in particular thrombolysis), 


we calculated for each trial the percentage of all sub- 
jects presenting within 2, 4 and 8 hours after onset of 
symptoms. Significantly higher proportions of partici- 
pants presented in the PHS than in ISIS-2 at each of 
these time intervals (Figure 3). 

With respect to previous studies, Figure 4 presents 
data comparing the median time from symptom onset 
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FIGURE 2. Distribution of time delay between onset of symp- 
toms and treatment for 240 subjects with first myocardial in- 
farction in U.S. component of Second International Study of 
infarct Survival. 
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~ to hospital presentation in the PHS and the U.S. com- 


ponent of ISIS-2 with 16 other published series of AMI. 
These series (adapted from Herlitz et al)? reflect delay 
times in both urban and rural settings over a wide geo- 
graphic distribution. Median delay times in these stud- 
ies range from 2 to’8.5 hours, with the average time to 
presentation comparable to that seen in the U.S. com- 
ponent of ISIS-2. The median time to medical presenta- 
tion was not shorter in any of these previous series than 
in the PHS. 


DISCUSSION 

The data indicate that physician participants in the 
PHS had significantly shortened delay times from onset 
of ischemic symptoms to hospital presentation com- 
pared with those of nonphysician participants in the 
U.S. component of ISIS-2. Specifically, in the PHS, 
>50% of all patients with a first AMI presented within 


2 hours of symptom onset, whereas in ISIS-2, the com- 


parable figure was 20%. For patients presenting within 
24 hours of onset of symptoms, the median time to pre- 
sentation in the PHS was significantly shorter then that 
in ISIS-2 (1.8 vs 4.9 hours; p <0.001). When compared 
with 16 previously published series, randomized doctors 
in the PHS again appear to have uniquely short median 
delay times, even though they presented to hespitals 
over a wide geographic territory that included both ur- 
ban and rural settings. Thus, physician participants in 
the PHS had significantly shorter delay times between 
onset of symptoms and presentation for treatment than 
those of participants in ISIS-2 or the published litera- 
ture. 
Although inferences based on the observational data 
should be made with caution, it is interesting to specu- 


late on the role shortened delay time to presentation 


may have had in the exceptionally low cardiovascular 
mortality rates seen in the PHS. It was anticipated at 
the beginning of the PHS that physicians participating 
in the trial, because of health consciousness as well as 
the healthy volunteer effect, would have a cardicvascu- 
lar mortality rate only 40% of that of a general popula- 
tion of men of the same age. In fact, the cardiovascular 
mortality in the PHS was <15% of that of the general 
population.”’ This reduced rate could be due to a num- 
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FIGURE 3. Percentage of subjects in Physicians’ Health Study 
(PHS) and U.S. component of Second International Study of 
Infarct Survival (ISIS-2) presenting for medical care within 2, 
4 and 8 hours of symptom onset. 


ber of factors that lowered the incidence of acute isch- 
emic events such as better health habits and higher so- 
cioeconomic status. For example, 11% of physician par- 
ticipants in the trial were current smokers compared 
with 29% of the U.S. population of men of the same 
age.*° However, in addition to a reduced incidence rate, 
physician participants in the PHS had an unusually low 
case fatality rate; <10% of all AMIs in the study were 
fatal.2” Thus it appears that factors in addition to those 
that reduced the incidence of disease are likely to have 
contributed to the overall low cardiovascular mortality 
rate. 

Although it is tempting in this context to conclude 
that shortened delay time in the PHS may have had a 
role in reducing case fatality rates, differences between 
the PHS, ISIS-2 and each previously published study in 
terms of patient selection criteria and posthospitaliza- 
tion treatment strategies make it impossible to directly 
test this hypothesis. For example, despite early arrival, 
few participants in the PHS received thrombolytic ther- . 
apy, whereas in ISIS-2, thrombolytic therapy was part - 
of the randomization protocol. Furthermore, compara- 
ble data regarding AMI severity and revascularization 
rates are not available, precluding a survival analysis 
that controls for these important confounding variables. 

Despite these limitations, several lines of indirect evi- 
dence support the possibility that shortened delay times 
observed in the PHS contributed to improved survival. 
First, several previous studies demonstrated that sub- 
jects presenting earlier for hospitalization have reduced 
short- and long-term mortality. For example, in the 
Multicenter Investigation of the Limitation of Infarct 
Size trial, a significantly higher mortality rate was ob- 
served in patients with AMI who arrived late for hospi- 
talization, despite the fact that patients with hemody- 
namic compromise tended to arrive earlier.! Similarly, . 
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FIGURE 4. Median time delay between onset of symptoms 
and presentation for medical care in Physicians’ Health Study 
(PHS), U.S. component of Second International Study of In- 
farct Survival (US ISIS-2), and 16 previously published stud- 
ies. 
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Rawles and Haites* demonstrated that patients with 
acute ischemia delaying hospital admission between 4 
and 8 hours had a mortality of 38%, or nearly twice that 
of early arrivers. Second, it has been demonstrated that 
the majority of deaths after AMI occur within hours of 
the onset of ischemia, and many are preventable by 
emergency cardioversion.*~ Finally, a growing series of 
large clinical trials has demonstrated that early aggres- 
sive medical intervention (particularly with aspirin, 8- 
adrenergic blockers and thrombolytic therapy) can re- 
sult in reduced case fatality rates for patients with 
AMI,7:10-15,31 

Several factors influencing both decision and trans- 
portation time are likely to be responsible for the short- 
ened total delay to hospitalization observed among phy- 
sicians in this analysis. In addition to their medical edu- 
cation, physicians are more likely than the general 
public to work and live near a medical center, thus 
shortening the distance needed to travel after the onset 
of symptoms. For the general public (who are less likely 
to be near a hospital at the time of AMI) improvements 
in total delay time are most likely to be due to re- 
ductions in decision time. Media campaigns in Cana- 
da?? and Sweden? demonstrated that public education 
programs can reduce patient decision time and per- 
haps shorten the total delay to hospital presentation.” 
Our data provide additional encouraging evidence that 
shorter delay times from onset of symptoms to presenta- 
tion for treatment can be achieved, an important finding 
as programs designed to reduce total delay are being 
appraised 23:25:26 
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` Noninvasive Identification of Severe Coronary 
Artery Disease Using Exercise Tomographic 
| Thallium-201 Imaging 


Timothy F. Christian; MD, Todd D. Miller, MD, | 
- -~ Kent R. Bailey, PhD, and Raymond J. Gibbons, MD 


The ability of exercise thallium-201 tomographic 


imaging to predict the presence of left main or 3- - 
vessel coronary artery disease (CAD) was. exam- . 


| : Ined in 688 patients who underwent both exercise 


thallium-201 testing and coronary angiography. - 


_ Significant differences existed for multiple vari- 


ables between patients with (n = 196) and without 
(n = 492) severe left main or 3-vessel CAD. Logis- 
tic regression analysis identified 4 variables as in- 
dependently predictive of left main or 3-vessel § - 


- CAD. These variables were the magnitude of ST- 


segment depression with exercise, the number of 
visually abnormal short-axis thallium-201 seg- . 
ments, the presence or absence of diabetes melli- 
tus, and the change in systolic blood pressure with 
exercise. Using these variables, patients were — 
classified by nomograms into low-, intermediate- 
and high-probability groups. Patients at high 


- probabllity (n = 205) had a 52% prevalence of 3-. 


vessel or left main CAD, whereas those at low .- 
probability (n = 170) had oniy. a 12% prevalence. 
Only 53 patients (29%) with 3-vessel or left main 
CAD had perfusion abnormalities in all 3 coronary 
territories. Clinical and exercise parameters pro- — 
vide important independent information in the — 


cise thallium-201 tomographic imaging, because — 
thallium scintigraphy ‘alone is suggestive of exten- 
sive CAD in few rer 
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have prognostic value independent of coronary 
anatomy.'® In randomized trials revasculariza- 
tion has been shown to primarily have beneficial prog- 


nostic impact on left main or 3-vessel coronary artery 


t 


P rior studies showed exercise ‘thallium j ‘maging to ` 


disease’ (CAD).™=!° Consequently, noninvasive identifi- . 
cation of such patients can improve survival. Prior stud- - 
ies used exercise planar thallium imaging and radionu- - 
clide angiography ta identify patients with 3-vessel or ~- 
left main CAD.!!-!© The use of exercise tomographic ` 


thallium imaging has become widespread owing to its 
enhanced ability to localize CAD and to minimize over- 
lap of structures compared with that of planar imag- 


ing.'’-*! “Previous studies suggested that tomographic | 


thallium exercise imaging is superior to planar imaging ' 


for the detection of 3-vessel ‘or left main CAD.!72021 
However, these studies were retrospectively performed 
on ‘small study groups, and focused on thallium scinti- 


_ graphic data alone without considering clinical and ex- 


ercise data. This study provides clinically useful nonin- - 


_ vasive predictions of the likelihood of. the presence of 
significant left main or 3-vessel CAD, using clinical, ex- | 
‘ercise and tomographic thallium i imaging variables. i ina: 


large panoni cohort. 


| | METHODS 
identification of left main or 3-vessel CAD by exer- 


Study patients: The study group consisted of a con- 


secutive series of patients who underwent exercise thalli- 


um tomographic imaging between November 1986 and 


December 1989, and coronary angiography within 6 | 
months of exercise testing. Patients. were selected from * 


6, 669 who underwent exercise thallium scintigraphy in 
our laboratory during this time period, Exclusion crite- 
ria included the following: (1) previous coronary revas- 


cularization by either coronary angioplasty or coronary ` 
artery bypass surgery, (2) left bundle branch block, ven-" 
tricular preexcitation or a paced rhythm, and (3) hemo- - 
_. dynamically significant valvular heart disease. In all, . 
- 688 patients (528 men and 160 women) were included 
in the study group. There were 286 patients with evi- ` 
dence of a prior myocardial infarction by history or the -. 


presence of significant Q waves on the electrocardio- 


gram at rest. 


-Many patients (85%) ` were receiving antianginal 


medications at the time of exercise testing (233 B-recep- is 


359 calcium antagonists). There were 70 patients (10%) 
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tor blockers, 257 long-acting nitrate preparations, and 


who received digitalis within 48 hours of exercise test- - 
ing. > = 


Multiple clinical variables (Table I) were prospec- 
tively collected for each patient. Hypercholesterolemia 
was defined as a total cholesterol level >250 mg/dl or 
chronic use of a cholesterol-reducing agent. Hyper- 
tension was defined as an increase in blood pressure 
>140/90 mm Hg for =6 months, or the chronic use of 
antihypertensive medication. Diabetes was defined as a 
fasting glucose level >140 mg/dl, or chronic use of in- 
sulin or oral hypoglycemic agents. 

Exercise protocol: All patients underwent symptom- 
limited treadmill exercise using either the Bruce (n = 
527) or Naughton (n = 161) protocol. For patients per- 
forming the Naughton protocol, a conversion factor was 
applied to equate exercise duration with the Bruce pro- 
tocol.?? Heart rate, blood pressure by cuff sphygmoma- 
nometry, and 12-lead electrocardiograms were obtained 
at l-minute intervals. ST-segment displacement was 
measured 80 ms after the J point and classified as <1, 1 
to 1.9 or 22 mm depression. At peak exercise, 4 mCi of 
thallium-201 were injected intravenously, and patients 
exercised an additional minute. 

Tomographic thallium-201 imaging: Patients were 
imaged in the supine position 10 minutes after the 
termination of exercise, and 4 hours later using a 
large field-of-view, single-crystal, rotating gamma cam- 


era (Elscint 409) equipped with an all-purpose, parallel 


hole collimator. A single planar anterior image was ob- 
tained for 5 minutes (with a 20% energy window cen- 
tered on the 70 to 80 KeV x-ray peak of thallium-201, 
and a second window centered at 170 KeV) to assess 
cardiac size and pulmonary activity. Tomographic im- 
aging was then performed over a 180° arc from 45° 
right anterior oblique to 45° left posterior oblique, using 
a step and shoot method. In all, 30 images were ob- 
tained at 6° intervals for 40 seconds each. Each projec- 
tion was corrected for nonuniformity with a 30 million 
count flood from a cobalt-57 source. Filtered back pro- 
jection was performed with a Ramp-Hanning filter, 
with a threshold value of 0.5 cycles/pixel. Axial filtra- 
tion was performed perpendicular to the slice. Orthogo- 
nal images were generated by oblique angle reconstruc- 
tion producing horizontal long- and short-axis, and ver- 
tical long-axis slices that were each 6 mm thick. 
Visual analysis of tomographic images: Visual 
assessment of thallium tomographic images was per- 
formed by consensus of 2 experienced observers. Cardi- 
ac enlargement and pulmonary uptake were assessed 
subjectively as present or absent. Pulmonary uptake was 
visually assessed in all cases and quantitated in border- 
line cases by the ratio of maximal pulmonary/myocar- 
dial counts (values >0.5 were considered increased). 
Short-axis images were divided in 14 segments (as pre- 
viously described by the Mayo Clinic) corresponding to 
the septal, anterior, lateral and inferior walls at the 
apex, base and midventricle.?? At the midventricle and 
basal levels, the septum was divided into anterior and 
inferior septums. A 5-point scoring system was used to 
assess each segment (4= normal perfusion; 3 = mild 
hypoperfusion; 2 = moderate hypoperfusion; 1 = severe 
hypoperfusion; and 0 = no perfusion). A reversible de- 
fect was considered present if the delayed image demon- 


TABLE 1 Variables 


Clinical variables 
Age 
Gender 
Smoking history 
Family history of coronary artery disease 
Hypercholesterolemia 
Hypertension 
History of myocardial infarction 
Diabetes 
Exercise variables 
Chest pain with exercise 
Dyspnea with exercise 
Peak heart rate 
Peak heart rate x systolic blood pressure 
Change in systolic blood pressure (peak to rest) 
Magnitude of ST depression 
METs achieved 
Thallium variables 
Cardiac enlargement 
Increased pulmonary uptake 
No. of abnormal thallium segments; postexercise, 4 hours delayed, 
and (postexercise — delayed) 
No. of abnormal coronary distributions; postexercise, 4 hours delayed, 
and (postexercise — delayed) 





strated 21 grade improvement in perfusion in any seg- 
ment. A fixed defect was considered present if the de- 
gree of hypoperfusion was at least moderate (<2) and 
equal on the postexercise and delayed images. 
Short-axis segments were then assigned to the 3 cor- 
onary distributions. The left anterior descending distri- 
bution included the anterior and anteroseptal segments. 
The right coronary artery included the inferior and in- 
feroseptal segments, and the left circumflex artery in- 
cluded the lateral segments. Because the vascular sup- 
ply of the apex is variable, these 4 segments were not 
included in the coronary distributions. A coronary dis- 
tribution was considered abnormal if a reversible or 
fixed defect was present in the corresponding short-axis 
segment and was confirmed as present in the appropri- 
ate region on either the vertical (anterior and inferior 
walls) or horizontal (septal and lateral walls) long axis. 
Coronary angiography: AÍl patients underwent cor- 
onary angiography + 6 months from thallium exercise 
testing (2 + 34 days). No patient had myocardial in- 


. farction in this interval. Coronary artery narrowing was 


visually estimated and expressed as percent luminal di- 
ameter stenosis. A 70% narrowing of the internal diam- 
eter of the left anterior descending, left circumflex and 
right coronary arteries or their major branches, and 
50% narrowing of the left main coronary artery was 
considered significant.’ 

Statistics: An unpaired ¢ or Pearson chi-square test 
was used to identify variables significantly associated 
with 3-vessel or left main CAD. A logistic regression 
analysis** was used to develop a multivariable model for 


predicting presence or absence of significant left main 


or 3-vessel CAD. Multiple clinical, and exercise electro- 
cardiographic and thallium variables were considered 
for stepwise inclusion in the model (Table I). Variables 
were entered in the model until a simultaneous test of 
all the variables not yet entered was no longer signifi- 
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TABLE If Clinical, Exercise and Thallium-201 Variables Significantly Associated with 
Three-Vessel or Left Main Coronary Artery Disease 


Left Main or 3-Vesse! Disease 


‘Variable 


Clinical 
Age (yr) 
Diabetes mellitus (%) 
Hypertension (%) (> 140/90 mm Hg) 
Exercise 
Duration (METs) 
Magnitude of ST depression 
Peak exercise heart rate (beats/min) 
Change in systolic blood pressure 
(mm Hg) 
Exercise systolic blood pressure x 
heart rate. 
Thaltlium-201 
Cardiac enlargement (%) 
Increased pulmonary uptake (%) 
No. of abnormal segments 
Postexercise 
Delayed 
Postexercise — delayed 
Abnormal coronary distributions 
Postexercise 
Delayed 
Postexercise ~ delayed 


TABLE fl Thallium-201 Tomographic Analysis 


Number of Vessels Diseased 


3 2 l 0 
(n= 181) (n = 227)* (n= 170) (n= 110) 


81% 77% 67% 


Variable 


Reversible seg- 
mentst 

Fixed segments only 

> 1 abnormal seg- 
ment 

> 1 abnormal coro- 
nary distribution 

3 normal coronary 
distributions 


11% 8% 6% 
92% 85% 73% 
90% 


84% 63% 


21% 10% 5% 


*15 patients with 2-vessel disease had significant left main disease. 
TIncludes patients with reversible or reversible and fixed abnormal segments. 


cant at the p <0.05 level. This strict definition for mod- 
el entry was used to prevent the detection of spurious 
associations with the presence or absence of significant 
left main or 3-vessel CAD, because of the multiple vari- 
ables considered. The logistic regression model was then 
used to estimate the probability of left main or 3-vessel 
CAD for each patient by classifying them as low 
(<15%), intermediate (15 to 35%) or high (>35%) 
probability. These probability percentiles were chosen to 
correspond to those of a previous study from this labo- 
ratory using exercise radionuclide angiography. !® 


RESULTS 

There were 688 patients in the study group; 196 
(28%) had left main or 3-vessel CAD. Significant left 
main disease was present in 59 patients (9%). There 
were 110 patients (16%) who had no significant CAD, 


Present 








Absent 
(n = 492) — 


<9.05 
<0.001 
<0.01 


<0.02 
<0.0001 
<0.01 
<0.0001 


21,501 + 6,454 0.000] 


26 <0.001 
19 <0.05 


<0.0001 
<0.0001 
0.0001 


0.0001 
0.0009 
0.009 


170 (25%) who had 1-vessel CAD, and 227 (33%) who 
had 2-vessel CAD; 15 with 2-vessel CAD had signifi- 
cant left main CAD. 

There were significant differences in multiple clini- 
cal, exercise and thallium variables between patients 
with and without 3-vessel or left main CAD (Table II). 
Patients with 3-vessel or left main CAD were older and 
had a higher prevalence of diabetes and hypertension. 
During exercise, patients with severe disease had a 
shorter exercise duration, greater magnitude of ST de- 
pression, lower peak heart rate, smaller increase‘in sys- 
tolic blood pressure, and lower peak rate-pressure prod- 
uct. Patients with 3-vessel or left main CAD had a 
higher prevalence of cardiac enlargement, abnormal 
pulmonary uptake, and more abnormal thallium tomo- 
graphic short-axis segments and coronary distributions 
on both postexercise and delayed imaging, as well as a 
greater change in abnormal segments between the 2 im- 
ages (reflecting redistribution) than did those without 
such disease. In patients with 3-vessel or left main CAD 
(n = 196), the right coronary artery thallium distribu- 
tion was most frequently abnormal (87%), followed by 
the left anterior descending territory (58%) and finally 
the left circumflex territory (47%). 

Thallium-201 scintigraphy showed high sensitivity in 
detecting patients with CAD, but was not specific in 
this selected patient population (Table III). Most pa- 
tients had reversible thallium defects after exercise; a 
minority had fixed defects alone. The finding of 3 ab- 
normal coronary distributions in patients with 3-vessel 
CAD was infrequent (29%). 

The logistic regression model identified 4 variables 
as independently predictive of the presence of 3-vessel 
or left main CAD. The most important variable was 
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the magnitude of exercise-induced ST depression (chi- © 


square 16.6; p <0.0001), followed by the number of ab- 
normal thallium segments on the poststress images (chi- 
square 17.5; p <0.0001), the presence of diabetes (chi- 
square 11; p = 0.0009), and the change in systolic blood 
pressure (peak — rest systolic blood pressure; chi-square 
14.7; p = 0.0001). The chi-square for the model was 
84.7. When patients receiving a 8-receptor blocker were 
excluded, logistic regression analysis identified 3 of the 
same variables as independently associated with severe 
CAD (change in systolic blood pressure, number of 
postexercise abnormal thallium segments, and magni- 
tude of ST depression). The chi-square of this model of 
455 patients was 45.3. Diabetes was the next most sig- 
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FIGURE 1. Estimated probability of left malin or 3-vessel coro- 
nary artery disease for nondiabetic patients with ST-segment 
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nificant variable, but, in this subgroup, did not meet the 
strict entry criterion used for inclusion. 

Prediction of low-, intermediate- and high-probabil- 
ity groups: The predicted probabilities were used to de- 
fine low-, intermediate- and high-probability patient 
groups. Patients classified as low probability (n = 170) 
had a 12% prevalence (n = 21) of 3-vessel or left main 
CAD, whereas those classified as high probability (n = 
105) had a 52% prevalence (n = 106). Patients with an 
intermediate probability (n = 313) had a 22% preva- 
lence (n = 69) of 3-vessel or left main CAD. When pa- 


‘tients who had relatively mild symptoms (angina < 


New York Heart Association class II, and atypical or 


noncardiac chest pain) were analyzed (n = 444), the 
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FIGURE 2. Estimated probability of left main or 3-vessel coro- 


nary artery disease for diabetic patients with ST-segment de- 


ae of (A) <1, (B) 1 to 1.9 and (C) >2 mm. Zones of 
different probabilities pression of (A) <1, (B) 1 to 1.9 and (C) >2 mm. 


are shown. 
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model performed similarly. Patients classified as low 
probability (n = 103) had a 14% prevalence (n = 14) of 
3-vessel or left main CAD. Patients at intermediate risk 
(n = 231) had an 18% prevalence (n = 41) and those 
predicted to be at high risk (n = 110) had a 42% preva- 
lence (n = 46) of 3-vessel or left main CAD. 

These variables (magnitude of ST depression with 
exercise, number of postexercise abnormal thallium seg- 
ments, diabetes and change in systolic blood pressure 
with exercise) were then used in nomograms to provide 
a practical estimate of the risk of 3-vessel or left main 
- CAD. The results for nondiabetic patients for a given 
degree of ST-segment depression are shown in Figure 1. 
Each panel displays the probability of left main or 3- 
vessel CAD as a function. of the number of abnormal 
postexercise short-axis tomographic thallium segments, 
and the change in systolic blood pressure. For example, 
a nondiabetic patient with <1 mm ST depression and 
an increase in systolic blood pressure of 30 mm Hg was 
at low risk if there were <3 abnormal thallium seg- 
ments and at intermediate risk if there were >3 abnor- 
mal. segments. The probability of 3-vessel or left main 
‘CAD for diabetics, using the same variables, is shown in 
Figure 2. For example, a diabetic patient with 21 mm 
ST depression is at high risk if there are >3 abnormal 
segments with an increase in systolic blood pressure of 
<40 mm Hg. Patients with diabetes were never.classi- 
fied in the low-risk group, despite exercise and thallium 
data, and diabetics with =2 mm ST depression during 
exercise were predominantly classified in the high-prob- 
ability group, with thallium eae providing lim- 
ited clinical impact. . 


DISCUSSION 

With the 1 increasing use of tomographic thallium ex- 
ercise testing, there is a need to provide practical esti- 
mates of the likelihood of severe CAD. These results 
demonstrate that there are multiple clinical, exercise 
and thallium imaging variables that are significantly 
different between patients with and without 3-vessel or 
left main CAD. Each variable is. potentially useful for 
identifying patients with severe CAD. , 

Using the logistic regression model in a ‘stepwise 
fashion, only 4 variables were identified that were inde- 
pendently predictive of 3-vessel or left main CAD 
(magnitude of ST depression, number of abnormal thal- 
lium segments after exercise, presence of diabetes, and 
change in blood pressure with exercise). Prior reports 
clearly established the importance of the magnitude of 
electrocardiographic ST change with exercise. !3:1625,26 
The total number of abnormal thallium short-axis seg- 
ments obtained after exercise (14 maximum) rather 
than the number of abnormal coronary territories was 
also independently predictive of 3-vessel or left main 
CAD. The inclusion of the apical segments in this meth- 
od of analysis may account for its superiority to abnor- 
mal coronary distributions, because it may more closély 
reflect the total ischemic burden of the left ventricle. 
Mahmarian et al?’ described the importance of the ex- 
tent of total perfusion defect using tomographic exercise 
thallium imaging for discriminating 2- or 3-vessel from 
1-vessel disease or absence of CAD. The association of 


diabetes with extensive CAD has been well-described.?8 
The change in systolic blood pressure with exercise, par- 


. ticularly a decrease in systolic blood pressure, was con- 


sistently associated with significant left main or 3-vessel 


CAD in previous studies and reflects significant isch- ` 


emic exercise-induced myocardial dysfunction. 13:16.29 

‘Increased pulmonary uptake (which was previously 
associated with more extensive CAD) was. significantly 
associated on a univariate basis with 3-vessel and left 
main. CAD, but- did not add further information on 
multivariate analysis.” This finding is likely due to the 
significant association between pulmonary. uptake and 
the number of postexercise abnormal thallium segments 
(p <0.0001), and to.the change in systolic blood pres- 
sure (p <0.0001), both of which indirectly reflect exer- 
cise-induced mechanical dysfunction of the left ventri- 
cle. The-inability of pulmonary uptake to provide addi- 
tional independent information for tomographic data 
was also reported by Kahn et al?! and eae by Dia- 
mond.?? 

Only a minority « of patients with 3-vessel or left main 
CAD had all 3 coronary. territories identified as abnor- 
mal. This may reflect. our stringent criteria for thallium 
abnormalities. Breast and diaphragmatic attenuation 
can frequently cause mild fixed perfusion defects, and 
therefore, only moderate fixed defects (Sgrade 2) were 
defined as abnormal::We also needed confirmation of 
abnormal segments on corresponding vertical and hori- 
zontal long-axis views in assessing perfusion for a coro- 
nary distribution. Furthermore, thallium-201 scintigra- 
phy is a relative perfusion technique and may underesti- 
mate the number of diseased vessels in, multivessel 
CAD. 

Comparison with previous studies: Tamaki et. al? 
reported that tomographic thallium imaging alone has a 
high sensitivity for the detection of abnormal vessels 
(67% by visual and 85%. by quantitative analysis) in 20 
patients with 3-vessel CAD. However, they did not re- 
port how many patients had all 3 coronary territories 
identified as.abnormal by.either technique. Mahmarian 
et al?’ in a larger patient population (n = 360) reported 
a high sensitivity of. thallium tomographic imaging 
alone in the detection of multivessel CAD (visual 70% 
and quantitative 76%), but did not distinguish between 
patients with 2- and 3-vessel CAD.7 . 


The results of this study with tomographic thallium ` 


imaging confirm those of Maddahi et al? who demon- 
strated the independent importance of exercise and pla- 
nar thallium data in the-detection of patients with 3- 
vessel or left main CAD. However, in the present study 
using tomographic-imaging, we did not find as high a 
post-test likelihood for the presence of 3-vessel or left 
main CAD.!3 In the study of Maddahi ét al, a dispro- 
portionate. number of patients had 3-vessel or left main 
CAD (53%), whereas only 14% had normal coronary 
arteriograms, which. may contribute to the high sensitiv- 
ity and specificity. The present study has 4 more ho- 
mogenous distribution of coronary disease (28% of pa- 
tients with left main: and 3-vessel CAD)..Furthermore, 


we used multiple regression analysis in a large popula- 


tion. to predict the. likelihood: of 3-vessel or left main 


CAD, using thallium scintigraphic. parameters as con- 
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tinuous variables, rather than using multiple individual 
variables dichotomized as normal or abnormal. 

The results of this study are similar to those reported 
in a previous study from this laboratory, using exercise 
radionuclude angiography.'® In that study, magnitude 
of ST depression, exercise heart rate X systolic blood 
pressure product, exercise ejection fraction and gender 
provided the majority of predictive power of a logistic 
regression model in which 56% of patients classified as 
high probability (>0.35) had 3-vessel or left main 
CAD. Patients classified as low probability (<0.15) had 
a 9% prevalence of 3-vessel or left main CAD. 

Clinical implications: The decision to proceed with 
coronary angiography is highly individualized, and the 
indications may be expanding with the widespread use 
of coronary angioplasty. Patients estimated to be at 
high probability should undergo early coronary angiog- 
raphy despite mild symptoms. The strong association of 
diabetes with extensive CAD found in this study is par- 
ticularly significant; our results suggest that ST-seg- 
ment depression in a diabetic patient is usually associ- 
ated with a high probability of severe disease. 

Study limitations: The foremost limitation in this 
study is the influence of referral “bias, because all pa- 
tients underwent coronary angiography, and that deci- 
sion was likely influenced by the results of the thallium 
exercise test.*4 Specificity may have been significantly 
greater, and sensitivity somewhat lower, if the coronary 
anatomy was known in the 5,981 patients who were not 
referred for coronary angiography. 

The presence of cardiac enlargement was evaluated 
in the present study, but transient ischemic dilatation, a 
marker of severe myocardial ischemia, was not.*° Fur- 
thermore, pulmonary uptake was not systematically 
quantitated for all 688 patients. Finally, most patients 
were receiving antianginal medications at the time of 
exercise testing, which may affect the sensitivity of de- 
tecting significant perfusion abnormalities. 

The other major limitation is the absence of quanti- 
tative interpretation of the thallium images. However, 
in the only other large study to date, Mahmarian et al?’ 
found the sensitivity of visual interpretation of thallium 
tomographic images equal to that of quantitative inter- 
pretation for the presence or absence of CAD. Predic- 
tion of multivessel CAD by visual and quantitative in- 
terpretation was also comparable in that study (70 vs 
76%). The images in the present study were interpreted 
by 2 experienced observers. Thus, the addition of quan- 
titative interpretation may not necessarily improve these 
results. However, qualitative interpretation may vary 
between institutions, and therefore, these results may 
not be applicable to some laboratories. Future prospec- 
tive studies are needed to assess the added value of 
quantitation for the detection of 3-vessel and left main 
CAD. 
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Effect of Thrombolytic Therapy on the Predictive 
Value of Signal-Averaged. Electrocardiography - 
| - After Acute Myocardial. Infarction 


£ at Malik, PhD, MD, Piotr Kulakowski, MD, Olusola Odemuyiwa, MD, Jan Poloniecki, PHD, 
- Anne Staunton, RN, Teri-Millane, MD, Thomas Farrell, MD, and A. John Camm, MD 


‘Standard time domain variables from signal-aver- 


aged electrocardiography were examined in a pop- . 
ulation of 331 survivors of acute myocardial.in- . — 


farction. Of these subjects, 130 received early — 
(<24 hours) thrombolytic therapy. During a fol- ` 
low-up of = 10 months, there were 17 arrhythmic 
_ events (8.5%) (sudden death or sustained symp- 


tomatic ventricular tachycardia) in the group with- . 


out thrombolysis and 8 (6.2%) in those with © 

thrombolysis. Statistically, highly significant dif- ` 
ferences between the signal-averaged electrocar- 
diographic variables of patients with and without 


arrhythmic events were found in the group with- 
out thrombolysis, whereas only root-mean-square | 


voltage of the terminal 40 ms-of the signal-aver- 
aged QRS complex was statistically associated . 


with outcome (the differences in the other 2 index- 


es being not significant) in patients with thrombo- 
lysis. When.using 2 previously published categoric 


criteria for the diagnosis of abnormal signal-aver- C, 
= METHODS | 


aged electrocardiography, the performance of . 
these criteria in predicting arrhythmic events: was 
substantially better in the group without thrombo- 
‘lysis than in those with thrombolysis (positive pre- 
dictive accuracy >3 times lower)..Retrospectively | 
adjusted receiver-operator characteristics showed 


that for a sensitivity of 30%, the maximum achiev- | 


able positive. predictive accuracy of signal-aver- 
aged electrocardiography for- arrhythmic events 
was 100% in the group without thrombolysis, but 


only 27% in those with thrombolysis. It is conclud-. 


ed that standard signal-averaged electrocardiog- 
raphy after acute myocardial infarction is less in- 
formative in patients who receive thrombolytic 
treatment. 
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for the prediction of arrhythmic complications af- 
ter acute myocardial infarction (AMI) has been 
clearly established.!-7 The presence of late potentials is 


E T: value : of PT E electrocardiography 


an important’ risk stratification factor, but the effect of ` 


therapeutic interventions on the diagnosis of late poten- 
tials and on their predictive value should be considered. 


This particularly applies to thrombolytic. therapy, and 


several studies already showed the effects of thromboly- 


=- gis on the incidence of late potentials in patients after 


AML®-!2-With the now frequent use of thrombolytic 
therapy in AMI, it has been suggested that the categor- 


-ic criteria for risk stratification after AMI may need 
modification. 13 The effect of thrombolysis on the predic- 
_tive value of late potentials recorded on signal-aver- 


aged electrocardiography has not been established. This 


study compares the value of signal-averaged electrocar- 


diographic, late potentials. for the prediction of serious 


. arrhythmic events in patients who did and did ‘not re- 


ceive early. ip ae during AM 


: Patients: Wé- E 331 patients (aged 29 to 74 
years) who were. admitted to the hospital with AMI 


.- during the period of 1986 to 1990 for whom signal-aver- 
_ aged electrocardiography ‘was available and who sur- 
_ vived to discharge. AMI was-diagnosed using previously 

described standard criteria.'4 Patients were excluded if 


they had noncardiac disease likely to.increase mortality, 


. important nonischemic cardiac disease, history of cardi- 


ac surgery, or permanent pacemaker insertion, or if they 
were aged >75 years or were unable to be followed up. 


: Patients with bundle branch block or ventricular preex- 
_ citation were excluded, becausé.the wide QRS patterns 


disturb the time domain signal-averaged electrocardio- 


` graphic analysis. History of AMI was present in 39 a 
(amd Cardiol 1992;70:21-25). 


tients who were included..- 
Patients were followed up for >6 months (mean 20) 


-*, during which 32 died; 12 died suddenly (according to 
the Cardia¢é Arrhythmia Pilot Study definition),!5 and 


13 had spontaneous sustained ventricular tachycardia. 
- Thrombolytic therapy: Beginning in the second half 


+. of 1988, eligible patients were given thrombolytic thera- 


py. In the absence of contraindications, 1.5 million units 
of streptokinase. were administrated to patients seen 
within 24 hours, of the onset of major symptoms. Con- 
traindications were active bleeding or history of coagu- 


‘lopathy, suspected aortic dissection, recent head injury 


(<3 months), documented proliferative diabetic retinop- 
athy, fractured ribs secondary . to traumatic resuscita- 
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TABLE I Characteristics of Patient Population 


Pt. Group No TT TT Early TT Late Total 
No. 201 100 30 331 











Mean age (yr) 58 56 55 57 
Women 41 19 8 68 
Anterior AMI 104 53 8 165 
Q-wave AMI 128 75 21 224 






Characteristics of patients are shown for those receiving no thrombolytiz therapy 
(TT), and for those receiving it <6 (Early) and >6 (Late) hours after onset of 
symptoms. 

AMI = acute myocardial infarction. 


TABLE lf Numbers of Patients in Individual Groups 


Pt. Group VT SD Others Total 











No thrombolysis 8 9 184 201 
Thrombolysis 5 3 122 130 
All pts. 13 12 306 331 


SD = sudden death; VT = sustained symptomatic ventricular tachycardia. 







tion, systolic blood pressure <85 mm Hg or history of 
sensitivity to streptokinase. Streptokinase was also not 
used if it was previously administered within 5 to 365 
days. Thrombolytic therapy was used in 130 patients of 
the study population. 

Signal-averaged electrocardiography: A signal-av- 
eraged electrocardiographic record was obtained before 
discharge (day 5 to 11 after AMI) in each patient. Re- 
cordings were obtained on the Arrhythmia Research 
Technology system (model 1200 EPX), using Frank or- 
thogonal leads and a sampling rate of 1 kHz. In each 
patient, 200 to 500 ventricular complexes were aver- 
aged; the achieved noise level was <0.5 pv. The analysis 
was performed with filter settings of 25 to 250 Hz, and 
the following standard quantitative variables were com- 
puted in each case: root-mean-square voltage of the ter- 
minal 40 ms of the signal-averaged QRS complex 
(RMS-40), total duration of the signal-averaged QRS 
complex (tQRS), and duration of low-amplitude signals 
<40 pv (LAS). 

Several patients (n = 100) were treated with £ 
blockers, but in all cases, signal-averaged electrocardi- 
ography was performed when the patient was receiving 
no other antiarrhythmic therapy. 

Left ventricular ejection fraction: Before discharge 
from the hospital, patients performed a symptom-limit- 
ed treadmill exercise test, using a Bruce protocol. De- 
pending on the result of this test, left ventricular ejec- 
tion fraction was obtained from either coronary angiog- 
raphy with left ventricular angiography or radionuclide 
angiography, using previously published techniques.'® 

Statistics and data manipulation: Because the inci- 


dence of late potentials has been shown to be associated - 


with arrhythmic death or ventricular tachycardia,!~’ the 
follow-up end point considered in this study was an ar- 
rhythmic event defined as either sudden cardiac death 
or symptomatic sustained ventricular tachycardia. 
VALUES OF SIGNAL-AVERAGED ELECTROCARDIOGRAPHIC 
VARIABLES: The numeric values of individual signal-av- 
eraged electrocardiographic quantitative variables were 
compared for patients with and without arrhythmic 


? 


events. This comparison was performed for the total 
population and separately for groups of patients who 
did and did not receive thrombolytic therapy. The non- 
parametric Mann-Whitney U test was used for this pur- 
pose. 

CATEGORIC CRITERIA FOR SIGNAL-AVERAGED ELECTRO- 
CARDIOGRAPHIC DIAGNOSIS: The signal-averaged electro- 
cardiographic recording of each patient was classified as 
normal or abnormal, and the association of this diagno- 
sis with the arrhythmic events was examined using Fish- 
er’s exact test. This examination was again performed 
for the total population and separately for subgroups of 
patients who did and did not receive thrombolytic thera- 


This whole procedure was performed twice, using 2 
previously published criteria for the abnormality of sig- 
nal-averaged electrocardiography: (1) tQRS <114 ms; 
LAS <38 ms; and RMS-40 220 pv!’; and (2) tQRS 
<120 ms; LAS <40 ms; and RMS-40 >25 pv.® With 


both criteria, the result was categorized abnormal if any , 
2 of the 3 variables had an abnormal value, and the ~ 


incidence of abnormal signal-averaged electrocardio- 
graphic findings in the groups with and without throm- 
bolysis was compared using Fisher’s exact test. 

STRATIFICATION OF ARRHYTHMIC EVENTS: The so- 
called receiver-operator characteristic curves that asso- 
ciate specificity with sensitivity were computed for the 
multivariate prediction of arrhythmic events, using all 
3 signal-averaged electrocardiographic variables. For 
the computation of these curves, the dichotomy points 
of individual signal-averaged electrocardiographic vari- 
ables were varied to achieve all possible values of sen- 
sitivity, and for each of these values, the maximum 
specificity was computed using a previously published 
algorithm.'® The computation of receiver-operator char- 
acteristic curves was performed for the prediction of ar- 
rhythmic events in the total population and in the 2 sub- 
groups (thrombolytic therapy used and not used). In 
all cases, 22 signal-averaged electrocardiographic vari- 
ables were needed to exceed their dichotomy points for 
a positive result. , 

The same methods were used to compute the curves 
expressing the dependence of the maximum achievable 
positive predictive accuracy on sensitivity. 


RESULTS 

Basic characteristics of the patient population are 
presented in Table I. The incidence of arrhythmic 
events in the total pcpulation (7.6%), and in the sub- 
groups of patients who did (6.2%) and did not (8.5%) 
receive thrombolytic therapy is listed in Table II. In the 
group with thrombolysis, all arrhythmic events occurred 
in patients who received streptokinase <6 hours after 
the onset of symptoms. There were no significant differ- 
ences between the groups with and without thromboly- 
sis regarding age (56 + 10 vs 57 + 9 years), left ventric- 
ular ejection fraction (49 + 15 vs 50 4 14%), infarct 


blockers (28 vs 32%), or history of AMI (7 vs 14%). 
Comparison of signal-averaged electrocardiograph- 

ic variables: The statistical comparison of individual 

signal-averaged electrocardiographic variables in pa- 
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_ site (47 vs 52% with anterior AMI), treatment with 8 


tients with and without arrhythmic events is shown in 
Table III. Although the differences were highly signifi- 
cant in patients who did not receive thrombolytic ther- 
apy, only the RMS-40 values were significantly differ- 
ent (p value close to nonsignificance) in patients with 
thrombolysis. 

Performance of diagnostic categoric criteria: The 
performance of the categoric criteria for signal-aver- 
aged electrocardiographic diagnosis (listed in the Meth- 
ods section) is shown in Table IV. Both criteria per- 
formed better in the subgroup of patients who did not 
receive streptokinase; the. positive predictive accuracy 
was >3 times higher in this group than in those with 
thrombolysis. 

With both criteria, there was no significant differ- 
ence between the incidence of abnormal signal-averaged 
electrocardiographic diagnosis between patients with 
and without thrombolysis (criterion 1: 19.2 vs 11.4%; 
and criterion 2: 18.5 vs 11.9%). l 

Retrospective risk stratification: With hindsight, di- 
chotomy points can be chosen that optimize the sensitiv- 
ity for any given specificity. The relation between the 
optimum positive predictive accuracy and sensitivity is 
shown in Figure 1. 

Although it was possible to adjust the diagnostic cri- 
teria in order to achieve 100% positive predictive ac- 
curacy for up to 30% sensitivity in the subgroup of 





TABLE IH Values of Signal-Averaged Electrocardiographic 
Variables in All Patients, and in Those With and Without 
Thrombolysis 


Others 


102 + 17.1 
190 + 16.4 
104 + 18.0 
67.7 + 51.4 
72.6 + 54.0 
60.4 + 46.4 
25.3 4 11.8 


Variable Group VT/SD p Value 


All 115+ 18.4 
TT not used 116+ 19.4 
TT used 114+ 17.3 
All 29.5+ 23.8 
TT notused 29.5 + 27.1 
TT used 29,4 + 16.1 
_ All 37.8 + 17.3 

ĮI notused 40.2 + 19.0 23.7 + 10.3 

TT used 32.8 + 12.7 27.6 + 13.4 
For each signal-averaged electrocardiographic variable, table shows mean value + 
standard deviation found in patients with arrhythmic events (VT/SD} and in other 
patients (Others). These values are shown for total patient population {All}, and for 
those who did and did not receive thrombolytic therapy aD. Values of statistical 
significance (Mann-Whitney U test) of differences between patients with arrhythmic 

events and others are shown. 

LAS = duration of low-amplitude signals <40 pv; RMS-40 = root-mean-square 


voltage of terminal 40 ms of signal-averaged QRS complex; SD = sudden death; 
tQRS = total duration of signal-averaged QRS complex; VT = ventricular tachycardia. 


patients without thrombolysis, the maximum achiev- 
able positive predictive accuracy in the subgroup with 
thrombolysis was <30%. 


DISCUSSION 
Study findings: Several studies reported the relation 
between thrombolysis and patency of the infarct-related 





Criterion Population TP 








TABLE IV Performance of Categoric Criteria for the Diagnosis of Signal-Averaged 
Electrocardiography in All Patients, and in Those With and Without Thrombolysis 


{1} All 12 270 13 
TT not used 9 170 8 
TT used 3 100 5 
(2) All 12 270 13 
TT not used 9 169 8 
TT used 3 101 5 


For categoric criteria (1) and (2) {see text), numbers of true positive (TP), true negative {TN}, false negative (FN) and faise 
positive (FP) patients when using the criterion for the prediction of arrhythmic events in the complete patient population (Al), 
and in groups of those who did and did not receive thrombolytic therapy (TT) are shown. Values of statistical significance of 
association of positive outcome of criterion with arrhythmic events (Fisher exact test) are shown. 

PPA = positive predictive accuracy (%); Sen = sensitivity (%); Spc = specificity (%). 






36 48 88 25 4.9 x 1076 


14 53 92 39 7.4 x 1075 
22 38 82 12 0.01 

36 48 88 25 4.9 x` 10-6 
15 53 92 38 0.0001 
21 38 83 12 0.008 












Positive predictive accuracy [%] 


FIGURE 1. Curves show maximum retro- 
spectively achievable positive predictive 
accuracy for different values of sensitivity 
for prediction of arrhythmic events (see 
Methods section in text). Fine full line cor- 
responds to complete population, bold ful 
line to subgroup of patients who did not 
receive thrombolytic therapy, and dotted 
line to group of patients with thromboly- 
SiS. 
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artery,!”!? and showed the reduced incidence of late po- 
tentials in patients with thrombolysis.!°!? It was sug- 
gested that reperfusion of the infarct-related artery has 
a beneficial effect on the electrophysiologic substrate 
for serious ventricular arrhythmias, because successful 
thrombolysis reduces the probability of the development 
of a large area of slow conduction with arrhythmogenic 
properties, which may manifest as a detectable late po- 
tential. 

However, with both categoric criteria for signal-av- 
eraged electrocardiographic diagnosis, there was no 
significant difference between the incidence of abnor- 
mal findings in the groups with and without thromboly- 
sis. This study examined a large post-AMI population 
compared with previous studies that reported a lower 
incidence of late potentials among patients with throm- 
bolysis. The group with thrombolysis included all pa- 
tients who received streptokinase, and we did not verify 
the success of thrombolysis by cardiac catheterization. 
Thus, the results are consistent with those reported by 
Turitto et al? who found significant signal-averaged 
electrocardiographic differences only between patients 
with and without successful thrombolysis, but not be- 
tween groups with and without thrombolysis. Our pro- 
tocol also included administration of streptokinase up to 
24 hours after the onset of symptoms. Hence, the im- 
pact of thrombolysis in our study group may have been 
different compared with that in studies restricted to 
much earlier administration.?”° Although all patients 
with thrombolysis who had arrhythmic events received 
streptokinase within 6 hours after the onset of symp- 
toms, the inclusion of those receiving thrombolytic ther- 
apy late may have influenced the predictive importance 
of signal-averaged electrocardiography. 

The reduction of arrhythmic events in AMI survi- 
vors with successful thrombolysis!® may be solely ex- 
plained by the reduction in the development of arrhyth- 
mogenic regions with slow conduction. Some patients 
may have a different arrhythmogenic substrate that 
does not manifest on signal-averaged electrocardiogra- 
phy and that may be more or less affected by reperfu- 
sion. A hypothesis of a complex and indirect effect of 
thrombolytic intervention on the substrate for arrhyth- 
mic events may also be supported by the observation of 
newly developed late potentials after successful recanali- 
zation.!! 

The reduction of abnormalities on signal-averaged 
electrocardiography after successful reperfusion has also 
been observed without the reduction of complex acute 
ventricular arrhythmias.”° This, together with the obser- 
vation of new late potentials after recanalization,!! sug- 
gests that the therapeutic mechanisms of thrombolysis 
are more complex than were originally believed. This 
agrees with our finding that both the sensitivity and 
specificity of categoric criteria for late potential diagno- 
sis were reduced in patients with thrombolysis. 

Although the relation between positive signal-av- 
eraged electrocardiographic findings and arrhythmic 
events after AMI has been clearly demonstrated,'~’ not 
all mechanisms involved are clearly understood. It is 
even possible that by remodeling the infarcted area, 
thrombolytic therapy may be proarrhythmic in some 


cases and be antiarrhythmic in others, especially when 
not used immediately after the onset of symptoms (e.g., 
>4 hours, as was the case with a large portion of our 
population). A combination of such mechanisms with a _ 
complex influence of thrombolytic therapy on the inci- 
dence of late potentials may explain the findings of this 
study, and the difference from studies that administered 
thrombolytic agents much earlier.!? 

Our investigation was confined to the standard time 
domain signal-averaged electrocardiographic variables 
and the 25 to 250 Hz filter setting. Spectral analysis, 
especially when applied to the complete signal-averaged 
QRS complex,”! may provide useful independent infor- 
mation. Other innovative techniques of signal-averaged 
electrocardiographic analysis** may also provide prog- 
nostically useful information in patients with thrombol- 
ysis. 

Study limitations: The most important limitation of 
this study is the small number of arrhythmic events (es- 
pecially in the group with thrombolysis). However, the | 
differences between the predictive value of signal-aver- 
aged electrocardiography in the groups with and with- 
out were marked (Figure 1), and therefore, we believe 
that they are not caused by the lack of data. 

The group without thrombolysis included both pa- 
tients admitted before the second half of 1988 and those 
admitted later who were not eligible for treatment with 
streptokinase. Thus, the data of the groups with and 
without thrombolysis were not collected exactly contem- 
porarily. This may have had a bearing on the incidence 
of late potentials. 

We did not relate the findings of this study to other 
recognized risk stratification factors (e.g., left ventricu- 
lar ejection fraction, ventricular ectopy or heart rate 
variability). Although the effect of thrombolytic thera- 
py on novel stratification factors needs investigation, 
the reperfusion of an infarct-related artery has been re- 
ported not to have a significant effect on left ventricu- 
lar ejection fraction.!? This is in agreement with our ` 
observations and suggests that the predictive value of 
late potential diagnosis in the group with thrombolysis 
would not be substantially improved by its combination 
with left ventricular ejection fraction. However, multi- 
variate analysis of a large cohort of patients with throm- 
bolysis is needed to examine this properly. 

All recordings were obtained when patients were not 
treated with antiarrhythmic drugs that are likely to in- 
fluence signal-averaged electrocardiographic variables; 
we did not investigate differences in the predictive pow- 
er of late potentials in patients with thrombolysis who 
were and were not treated with 8 blockers. However, 
other reports showed that these drugs do not significant- 
ly-influence signal-averaged electrocardiographic analy- 
sis.” Because the incidence of treatment with 8 blockers 
was similar in the groups with and without thromboly- 
sis, the effect of 8 blockers could not have influenced 
our major findings. 

The 2 categoric criteria used for the diagnosis of sig- 
nal-averaged electrocardiography were selected arbi- - 
trarily from many different criteria published by other 
investigators. Furthermore, criterion (1), which was 
proposed by the joint American College of Cardiology, 
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American Heart Association and European Society of 
Cardiology task force committee,!’ was suggested for 
signal-averaged electrocardiographic variables derived 
at filter settings of 40 to 250 Hz, whereas our study 
used settings of 25 to 250 Hz. However, the findings 
obtained with both criteria were consistent, and the ret- 
rospectively computed receiver-operator characteristics, 
as well as the curves presented in Figure 1, showed that 
any categoric criterion was likely to perform better in 
the subgroup of patients who did not receive streptoki- 
nase. 
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- ‘Six-Year Survival After Coronary Thrombolysis 
| and Early Revascularization for Acute _ 


L - 


_ Myocardial Infarction 
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. Six-year follow-up was conducted in a consecutive 


series of 192 patients receiving thrombolytic ther- 
apy for acute myocardial infarction (AMI) with ST- 


‘segment elevation. Cardiac catheterization was. _ 


performed within a day, and patients with an open 
infarct artery routinely had early revasculariza- — 
tion: 99 (67%) underwent coronary bypass sur-. 
gery and 18 (12%) coronary angioplasty. With — 


- this treatment strategy, 6-year cardiac mortality : 


was 14.5%, 6% (12 patients) in hospital and 9%. 
(16 patients) for survivors of hospitalization. Mul- 
tivariate analysis showed that predictors of cardi- 
ac death among ‘survivors of hospitalization were.: 
a closed infarct artery at catheterization (P. 
<0.01), diabetes (p <0.01) and anterior myocardi- 
al infarction (p = 0.01). A subset of 146 patients | 


underwent radionuclide angiography. before hospi- 


tal discharge; for them, predictors of mortality 


`>; were a closed infarct artery at catheterization (p 


<0.01), anterior wall AMI (p = 0.02), and Killip - 
class iii- to IV on admission (p <0.06). Left ventric- 


ular. ejection fraction was not a significant predic- 


. tor of meray for this subset of patients. 
ii J Cardiol 1992; 70: AO N) 


of patients treated'with thrombolytic therapy for _ 
L acute myocardial infarction (AMI). Mathey et - 
al! described a 4-year follow-up of 227 patients treated © 


= Ts have been few er follow-up suda 2 


with streptokinase early during AMI, and reported im- . 


proved survival with an open infarct artery. They also . 
found that coronary. artery bypass grafting had an add- 


' ed survival benefit. In this report we. present 6-year fol- 
' low-up of patients having thrombolytic therapy for 


acute, transmural myocardial infarction and specifically 
examine clinical and angiographic variables that predict 
late mortality. We have found that.a closed infarct ar-. 


tery soon after thrombolytic therapy, diabetes and ante- 


rior location of AMI were ‘predictors of late cardiac 
death independent of left ventricular function. 


METHODS ` 
This study includes 192 consecutive patients with 


| transmural AMI treated with intracoronary or intrave- ' 
nous: streptokinase who were followed for >5 years. Se- 
‘lection criteria for thrombolytic therapy, contraindica- 


tions, treatment protoccls and-early clinical course have 
been reported.*? Patients aged <70 years, with chest 
pain lasting <6 hours unresponsive to sublingual nitro- 
glycerin, and with 20.2 mV ST-segment elevation, were 


- treated. 


_ Intracoronary streptokinase was uséd during the first 
11 months.of the study. Patients were brought to the ` 


_ cardiac catheterization laboratory as quickly as possible 
~ ~ after diagnosis of transmural myocardial infarction and 


treated with an initial intracoronary streptokinase bolus 
of 30,000 U followed by 3,000 U of intracoronary strep- 


- tokinase per minute for 60 minutes. Heparin was start- . 
- ed immediately after inttacoronary streptokinase i in pa- 


-r 


tients with arterial opening. 
During the subsequent 13 months of the study pa- 


`, tients were treated with intravenous streptokinase. ‘This 
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was given in the emergency room as soon as the diagno- l 


_. Sis of myocardial infarction was confirmed by the-pri- 


mary care physician. A “front loaded” dosing regimen 
was used, with dn initial dose’ of 500,000 U over 5 min- 


utes followed by 200,000 U/hour for 4 hours. Heparin 


was then started at 1,000 U/hour, and the dose was 
adjusted to maintain activated partial .thromboplastin 
time 70 to 100 seconds. Patients treated with intrave- 
nous streptokinase in community hospitals were trans- - 
ferred for angiography as soon after the initial strepto- 
kinase bolus infusion as possible, and most had angiog- 
raphy within 24 hours.2? Heparin was’ discontinued 
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with documented absence of thrombolysis (patients with 
intravenous streptokinase) or at the time of revascular- 
ization (both intracoronary and intravenous streptoki- 
nase). 

Early revascularization was routinely recommended 
for patients with an open infarct artery and critical ste- 
nosis of the infarct artery (reduction of luminal diame- 
ter by 270%). Revascularization was performed during 
the same hospitalization as soon as it could be scheduled 
and after clotting function had returned to normal. Per- 
cutaneous transluminal coronary angioplasty or coro- 
nary artery bypass surgery was performed using stan- 
dard techniques, and details of our early experience 
have been reported.*? Radionuclide angiography was 
performed in 146 of the 180 survivors of myocardial 
infarction before hospital discharge (142 patients), or 
within 2 months (4 patients). No attempt was made to 
standardize medical therapy after discharge, although 
all patients were treated with daily aspirin. 

Follow-up was conducted between December 1988 
and April 1989. This series included all patients treated 
with thrombolytic therapy before September 1983. Fol- 
low-up was achieved for all 180 survivors of hospitaliza- 
tion in the series by a nurse researcher by telephone or 
clinic visit. The primary end point was cardiac death 
defined as sudden death, death after AMI, or death af- 
ter hospitalization for congestive heart failure. The ef- 
fect of each clinical and angiographic variable on cardi- 
ac mortality for patients surviving hospitalization was 
analyzed by chi-square and ¢ test for unpaired variables. 
Cox’s proportional hazards regression was subsequently 
used to analyze the relation (if any) among clinical and 
angiographic variables affecting survival.4 The Cox 
model was also used to calculate an estimated survival 
function adjusted for the combination of variables found 
to be significant. An additional regression analysis was 
performed for a subset of patients having predischarge 
radionuclide angiograms. All values are expressed as 
mean + 1 standard deviation. 


20.60 
FIGURE 1. Cumulative probability of car- e 
diac survival for 180 patients who sur- rst 
vived hospitalization and were followed 74 a 0.40 
+ 7 months after myocardial infarction 
with ST-segment elevation. 


RESULTS 

During 24 months, 192 patients with transmural 
myocardial infarction were treated with intracoronary 
(n = 75) or intravenous (n = 117) streptokinase. Twelve 
patients (6%) died before hospital discharge (2,3). Fol- 
low-up data were obtained for all 180 survivors of hospi- 
talization a minimum of 5 years after myocardial in- 
farction. During follow-up, 21 of the 180 patients died 


(11.7%). Average follow-up for the 159 survivors was 


74 + 7 months. There were 16 cardiac deaths (9%) 
(Figure 1); 7 had recurrent AMI, 6 had congestive 
heart failure, 2 died suddenly, and 1 died after coronary 
bypass surgery. Subsequent mortality analysis will con- 
sider only these 16 patients with cardiac death. 

Clinical characteristics: The hospital course of the 
initial cohort of 192 patients has been described.2> The 
average patient in this follow-up study of 180 survivors 
was aged 55 + 10 years, and clinical characteristics are 
outlined in Table J. All patients had ST-segment eleva- 
tion and chest pain at the time of streptokinase therapy 
and, as reported, all subsequently had elevation of cre- 
atine kinase.* Streptokinase therapy was begun 202 + 
92 minutes after onset of chest pain. An open infarct 
artery was identified at cardiac catheterization in 137 of 
the 180 survivors of hospitalization (76%). Early angi- 
ography was attempted in the 111 patients treated with 
intravenous streptokinase; the interval from initiation of 
therapy to catheterization was 1 to 4 hours for 46 
(41%), 4 to 12 hours for 20 (18%), 12 to 24 hours for 19 
(17%), 24 to 48 hours for 17 (15%), and 2 to 4 days for 
9 (8%). 

Early revascularization while in the hospital after 
AMI was performed an average of 3 + 2 days after 
streptokinase treatment in 111 of the 137 patients 
(81%) with an open infarct artery at catheterization; 94 
(69%) had coronary artery bypass surgery and 17 
(13%) had successful percutaneous transluminal coro- 
nary angioplasty. Bypass patients received 3 + 1.4 
grafts per patient. Angioplasty was attempted in 22 pa- 
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TABLE I Clinical Variables and Six-Year a la of 180 . 
Survivors of Hospitalization 


_ Cardiac Death 
. (%) p Value 


All patients - - 16 (9%) l 
Age > 65 years ‘ 3 (9%) NS* 
Women/men 5 (15%)/11 (7%), “NS 
Cigarette uset 11 (9%) , NS* 
Systemic hypertension >`. 7 (11%) » NS* 
Diabetes mellitus 726% <0.001*. 
Prior AMI 5 (16%). NS* 
Anterior AMI 10 (15%) . 
inferior AMI 6 (5%) © 0.925 
Onset of AMI to Rxt 
_ <3 hours 5 (6%) -NS 
>3 hours - 11(11%) NS 
Killip II$ 13.8%) 
Killip HIV 3 (25%) 
Open infarct artery | . 8(6%) 
Closed infarct artery 8 (19%) 
O—1-vessel-disease| . 6 (6%) 
2-vessel disease 6 (13%) 
3-vessel disease 4 (16%) 
Follow-up RNA : 
LVEF <40% 6 (20%) 
LVEF >40% 7 (6%) 
Revascularization** 
CABS 7 (7%) 
PTCA 2 (10%) 
either . 7 (12%) 
*Compared with those net having this characteristic. 
t > 20-pack/year history at time of AMI. 
ł Data not available for 2 patients. 
§Killip class-at time of admission. 


Stenosis defined as = 70% reduction of luminal diameter. Cardiac mortality with l 
MER (10 of 73) versus nonmultivessel (6 of 107); coronary artery disease 


0 

TRNA not recorded in 34 patients. 

**Including patients with open and closed infarct arteries. 

AMI = acute myocardial infarction; CABS = coronary artery pigas surgery; LVEF = 
left ventricular ejection fraction; NS = not significant; PTCA = percutaneous 
Tam aeara angioplasty; RNA = radionuclide angiogram; Rx = thrombolytic 
therapy 





tients and was initially successful in 21 (95%); 4 had 


reocclusion .within 1 hour of angioplasty. Angioplasty 
thus was ultimately successful in 17 (77%), and the 5 
with unsuccessful angioplasty underwent urgent coro- 
nary bypass surgery. 

Early revascularization was not performed in 26 of 
the 137 patients with an open infarct artery; 1 refused 


coronary artery bypass surgery, 3 had documented reoc- - 


clusion of the infarct artery within 24 hours of strepto- 


kinase therapy, 7 had either. minimal stenosis or nor-. 


mal-appearing infarct arteries, 3 had infarction due to 


‘occlusion of a small artery and single vessel disease, 2 


had bypass surgery delayed 60 days because of intracra- 
nial bleeding and sepsis, respectively, and 10 had 1-ves- 
sel coronary disease and were believed to have had little 
salvage of myocardium as a result of treatment late in 
the course’ of the infarction or akinesia of the infarct 
zone both at initial and late ventriculographic study. ` 


Eleven of 43 patients in the group in which strepto- 


kinase was unsuccessful (closed infarct artery at cathe- 
terization) underwent early: revascularization; 8 under- 


went coronary-artery bypass surgery because of mul- ` 


tivessel disease, 2 had -successful angioplasty of an 
occluded artery during the acute phase of infarction 
(and are included in the unsuccessful streptokinase 


K 


group for purposes of analysis), and 1 had angioplasty 
of a noninfarct artery. 

Univariate predictors of survival: Clinical features 
and follow-up cardiac mortality are summarized in Ta- _ 
ble I. Significant univariate predictors of survival in- 
cluded location of mvocardial infarction, follow-up ejec- 
tion fraction, diabetes, Killip class on admission and an 


-open infarct artery. Location of infarction and subse- 


quent left ventricular function were closely related; pa- 


. tients with anterior infarction had a predischarge ejec- 


tion fraction of 41 + 15, and those with inferior infarc- - 
tion had a predischarge ejection fraction of 58 + 11 (p 
<0.001). Similarly, Killip class at the time of hospital 
admission correlated with late ejection fraction; patients 
with Killip class I to II had a late ejection fraction of 52 
+ 15, and those with Killip class III to IV had a late 
ejection fraction of 44 + 17 (p = 0.08): 

Multivariate analysis: Cox’s proportional hazard Te- 


gression model was used to study the relation among 


clinical and angiographic variables (Table I). Signifi- — 
cant predictors of late cardiac death (excluding late. 
ejection fraction as a variable) were diabetes (p <0.01), © 

a closed infarct artery at cardiac catheterization (p . 
<0. 01) and anterior wall AMI (p = 0.01). Thus, for pa- 
tients with and without diabetes mellitus, those with an- ' 
terior myocardial infarction had. higher late mortality 


` (Figure 2). Furthermore, within the high risk group 


with anterior infarction, those with an open infarct ar- 
tery had a better prognosis. Lower risk patients with 
inferior infarction also fared better with an open infarct 
artery (Figure 2). Among the highest risk, diabetic pa- 
tients, those with anterior wall AMI and closed artery 


had 75% cardiac mortality in 6 years compared with a 


33% mortality rate for similar diabetic patients and. an- 
terior infarction who had an open infarct artery. 

Cox’s hazard function analysis was repeated for the © 
subgroup of 146 patients who underwent radionuclide 
angiography during the late hospital phase. In this anal- 
ysis low ejection fraction was not a significant predictor 
of cardiac death. Instead, a closed infarct artery at 


: catheterization (p <0.01), anterior infarction (p = 0.02) . 


and Killip class II to IV (p <0.06) predicted mortality. 


DISCUSSION 

The purpose of this observational trial was to provide 
prognostic information, and it is the longest available 
follow-up study of patients treated with thrombolytic 
therapy for AMI. The 6-year cardiac mortality for 192 
patients initially treated with streptokinase was 14.5%. 
The cardiac mortality for the 180 survivors of hospital- 
ization was 9%. Multivariate analysis identified a closed 
infarct artery, diabetes mellitus and anterior location of 
the AMI as risk factors for late.cardiac death among 


survivors of hospitalization. | 


 Mathey- et al! reported 4-year follow-up survival 
data for a similar series of 227 patients treated with - 


“thrombolytic agents; 4 year mortality was 18%. They 


found an association of an open infarct artery and im- 
proved survival and further reported that patients with 
an open infarct artery whe. had coronary artery bypass 


grafting had improved survival. We did not identify by- 
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pass grafting as an independent predictor of late surviv- 
al, possibly because more of our patients had revascu- 
larization (68 vs 48%) and bypass grafting (57 vs 22%) 
when compared with Mathey’s study. A higher percent- 
age, if not most patients who might have benefited from 
bypass grafting, underwent it in our trial. 

Both of these studies identified an open infarct ar- 
tery as a predictor of survival independent of changes in 
left ventricular function. Whereas the results support 
the “open artery hypothesis,” they do not prove it, as 
neither was a controlled study.>-? Furthermore, the high 
association of an open infarct artery and revasculariza- 
tion in these studies makes it hard to determine which 
of the 2, reperfusion or revascularization, is most im- 
portant in determining long-term outcome. Mathey 
claimed that bypass surgery helped. Our results do not 
support that claim. On the other hand, the Thromboly- 
sis in Myocardial Infarction trial, a controlled study of 


24 36 48 60 72 
Months 


“revascularization” after reperfusion therapy, failed to 
show any short-term survival benefit.!° But this study 
routinely used early angioplasty of the culprit lesion, not 
coronary bypass surgery, the approach most often taken 
in our study and the Mathey trial. 

Our data provide an estimation of late prognosis af- 
ter AMI using a treatment strategy of thrombolysis and 
early revascularization. There are no late survival data 
for patients having medical treatment or angioplasty as 
routine therapy after coronary thrombolysis. The pres- 
ent results should not be used to advise such patients 
about prognosis, since late mortality must be influenced 
both by thrombolysis and subsequent therapy. 
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Value of Negative Predischarge Exercise Testing 
in Identifying Patients at Low Risk After 
Acute Myocardial Infarction Treated by 

Systemic Thrombolysis 


Giacomo Piccalé, MD, Salvatore Pirelli, MD, Daria Massa, MD, Manlio Cipriani, MD, 
Filippo Maria Sarullo, MD, and Claudio De Vita, MD 


Although thrombolytic therapy reduces mortality 


in patients with acute myocardial infarction (AMI), 
it is associated with a greater incidence of succes- 
sive coronary events, and there is still no ideal di- 
agnostic and therapeutic strategy for such pa- 
tients. The present study verifies the value of neg- 
ative predischarge exercise testing in identifying 
low-risk patients treated with thrombolysis after 
AMI. One hundred fifty-seven consecutive patients 
with an uncomplicated clinical course underwent 
maximal or symptom-limited exercise testing 
(Bruce treadmill protocol) within 15 days of AMI 
in the absence of therapy. The location of the AMI 
was anterior in 51 patients, inferior in 85 and 
non-Q-wave in 21. All of the patients were fol- 
lowed for 6 months. Death and nonfatal reinfarc- 
tion were considered as major coronary events, 
and the recurrence of angina as a minor event. Ex- 
ercise test results were negative in 105 patients 
(group 1) and positive for angina or ST depression 
>0.1 mV in 52 (group 2). No deaths occurred dur- 
ing follow-up; there were 3 reinfarctions (3%) and 
7 cases (7%) of postinfarction angina in group 1, 
and 2 reinfarctions (4%) and 21 cases (40%) of 
postinfarction angina in group 2. By the end of fol- 
low-up, 90% of the patients with negative exer- 
cise test results were event-free (97% in the case 
of major events). These results show that throm- 
bolytic therapy does not affect the value of nega- 
tive postinfarction exercise testing in identifying 
low-risk patients. | 
: (Am J Cardiol 1992;70:31-33) 
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ral history of patients with acute myocardial in- 
farction (AMI). Studies involving large numbers 
of patients have shown that such treatment leads to a 


[Erien therapy has radically changed the natu- 


. significant reduction in hospital mortality and that this 


advantage continues over the long term.!-+ Neverthe- 
less, a high percentage of patients also have important 
coronary stenoses at the site of the infarct and this may 
limit myocardial recovery in the acute phase and cause 
early or late reocclusion.>© Before the introduction of 
thrombolytic therapy, exercise testing was the most 
widely used method of evaluating uncomplicated AMI, 
given that <2% of patients with a negative maximal ex- 
ercise test result died within 1 year and that there was 
usually no need for further diagnostic evaluation.’~!° 
However, it is possible that what is true for patients 
treated with conventional therapy may not be true for 
patients treated with thrombolytic therapy.!!!? The 
present study verifies whether a negative exercise test 
response is still capable of identifying patients at low 
risk after uncomplicated AMI in the era of thrombolyt- 
ic therapy: | 


METHODS 

Study population: The characteristics 5 of the study 
population are shown in Figure 1. Between January 
1988 and October 1990, 708 patients were admitted to 
our intensive coronary care unit for AMI. The presence 
of 22 of the following criteria led to a diagnosis of 
AMI: typical chest pain lasting for >30 minutes; Q 
waves that were abnormal according to the Minnesota 
Code,!3 with evolutionary ST and T waves changes on 
serial tracings; an increase in total serum creatine ki- 
nase, with a peak level of more than twice the upper 
limit of the normal values for our laboratory; and the 
presence of an MB isoenzyme fraction >5% of total cre- 
atine kinase. Of the 708 admitted patients, 292 received 
intravenous systemic thrombolytic treatment (streptoki- 
nase 1,500,000 U over 60 minutes or recombinant tis- 
sue-type plasminogen activator 100 mg over 3 hours). 
Thrombolytic treatment was administered to all of pa- 
tients admitted within 6 hours of the onset of symptoms 
and who had typical chest pain persisting for >30 min- 
utes and ST-segment elevation =1 mm in 22 adjacent 
electrocardiographic leads. During the acute phase, 17 
of these patients died (mortality 5.8%); the remaining 
275 were considered eligible for the present prospective 
study. Of these 275 patients, 157 underwent exercise 
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FIGURE 1, Study population. AMI = acute myocardial infarc- 
tion; CCU = coronary care unit; ET = exercise test; ITT = in- 
travenous thrombolytic therapy. 


testing and 118 were excluded from the study for the 
following reasons: postinfarction angina in 36, clinical 
signs of left ventricular dysfunction in 19, complex ven- 
tricular arrhythmias in 2, constant pacemaker rhythm 
in 2, stable left bundle branch block in 7 and physical 
limitations precluding maximal testing in 52. Advanced 
age was not considered an exclusion criterion; none of 
the patients underwent angiography before the test. 
Exercise testing: All of the patients performed a 
maximal or symptom-limited treadmill exercise test ac- 
cording to the Bruce protocol, in the absence of anttan- 
ginal therapy, within 15 days of AMI (mean 12 + 2 
days). Blood pressure and 12-lead electrocardiographic 
recordings were obtained at rest, at the first and third 
minute of every stage of exercise, at the end of exercise, 
at the first and the third minute of the recovery period, 


positive ET 
21 (40%) 


`” Angina p< 0.001 





‘and then every 3 minutes until the electrocardiogram 


returned to normal. During exercise, 3 leads were con- 
tinuously monitored. End-point criteria were: (1) angi- 
na, (2) ST depression >0.2 mV, (3) dyspnea, (4) com- | 
plex ventricular arrhythmias, (5) a decrease in systolic 
blood pressure >10 mm Hg in 2 consecutive steps, and 
(6) fatigue. The presence of angina or ST-segment de- 
pression 20.1 mV, measured at 80 ms from the J point, 
were considered as criteria of positivity. 

Follow-up: Patients were controlled by means of 
clinical visits 6 months after AMI. All were treated 
with 8 blockers and aspirin if these were well tolerated. 
Death and nonfatal reinfarction were classified as major 
events, and postinfarction angina as a minor event. An- 
gioplasty and coronary artery bypass grafting, although 
not considered events as such, were also taken into ac- 
count. Follow-up was concluded in all patients. 

Statistical analysis: Values are presented as mean + 
standard deviation. The chi-square test was used to 
compare the incidence of discrete variables between | 
groups. A p value <0.05 was considered significant. 


RESULTS 

Of the 157 enrolled patients, 136 were men (86%) 
and 21 women (14%) (mean age 55 + 11 years [range 
34 to 76]); the location of the AMI was anterior in 51 
patients (32%), inferior in 85 (54%) and non-Q-wave in 
21 (14%). 

Exercise test results were negative in 105 patients 
(group 1) and positive for angina or ST depression in 52 
(group 2). Mean duration of exercise was 7 + 2 min- 
utes, peak heart rate 135 + 15 beats/min, and peak 
systolic blood pressure 170 + 29 mm Hg. No deaths 
occurred during the 6-month follow-up period; 5 pa- 
tients (4%) experienced a reinfarction, angina appeared 
in 28 (18%) and 19 (12%) underwent revascularization. 
In group 1, there were 3 reinfarctions (3%) and 7 cases 
of angina (7%); in group 2, there were 2 reinfarctions 
(4%) and 21 cases of angina (40%) (Figure 2). There © 


= were no differences between the 2 groups with regard to 


reinfarction, but there was a significant difference in the 
appearance of angina (p <0.001). Three of the patients 
in group | underwent revascularization (3%) by means 
of angioplasty and 16 patients in group 2 (30%) had 
revascularization by means of bypass grafting (n = 12) 
and angioplasty (n = 4) (p <0.001). By the end of fol- 
low-up, 90% of the patients with negative exercise test 
results were event-free (97% had no major events). 


FIGURE 2. Follow-up results at 6 months. 
ET = exercise test; ns = not significant. 


negative ET 
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DISCUSSION. 

Although systemic thrombolytic therapy has been 
shown to be capable of limiting the extension of AMI 
and reducing both hospital and long-term mortality, it is 
also associated with an increased risk of successive coro- 
nary events.!~4 The ideal diagnostic approach to adopt 
for patients treated with thrombolytic therapy is not yet 
known. In particular, it is not known whether a negative 
exercise test result is sufficiently indicative of patients at 
low risk for cardiac events, as is the case with conven- 
tionally treated patients.!2 Our study shows that the en- 
rolled population, consisting of a consecutive series of 
patients treated with thrombolytic therapy with an un- 
complicated clinical course, had good prognosis as far as 
major events were concerned. This is attributable not 
only to thrombolysis but also to the combination of 2 
selection factors: (1) Among patients surviving an in- 
farct, those eligible for an early predischarge exercise 
test (62% in our series) have a particularly good progno- 
sis?:!4.15; and (2) accepted exclusion criteria ensure that 
patients eligible for thrombolysis have a lower rate of 
mortality than the global population of patients with 
AMI.!6 

The exercise test results from our study show that 
patients with a negative exercise test response have an 
excellent prognosis with an overall negative prediction 
of cardiac events of 90% (97% in major events). Only 
3 patients (3%) underwent revascularization within 6 
months, and so it is unlikely that recourse to revascular- 
ization significantly modified the prognosis in these pa- 
tients. Our results are similar to those relating to pub- 
lished studies on a large number of patients during the 
prethrombolytic era. These studies have demonstrated 
that patients with a negative exercise test result have a 
1-year mortality rate <2%, and that the negative pre- 
dictive value for cardiac events (death and reinfarction) 
is 95%, 9015.17 

During follow-up of patients with positive exercise 
test results, one should remember that it was beyond the 
scope of the present study to verify the predictive value 
of postinfarct positivity. Historical studies have clearly 
shown that positive results identify a group of patients 
with a high mortality rate® and that this can be favor- 
ably modified by revascularization,'® which may distort 
the relation between parameters such as ST-segment 
depression and cardiac mortality. As expected, in our 
study population, a positive exercise test response corre- 
lated with the appearance of postinfarction angina and 
revascularization, but there was no correlation with ma- 
jor clinical events (death or reinfarction). This agrees 
with the results of more recent studies demonstrating 


that a positive postinfarction exercise test is not predic- 
tive of mortality or reinfarction: mortality is correlated 
with indexes of ventricular dysfunction, such as exercise 
duration and the behavior of blood pressure, and no er- 
gometric index is predictive of reinfarction.!4!%.!7.19.20 
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Magnetic Resonance Imaging During Dobutamine. 


Stress I in Coronary Artery Disease 
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Cine magnetic resonance imaging (MRI). provides 
` a tomographic method of assessing regional ven- 


tricular function in any desired plane. It has not —. 


been possible to obtain adequate images during 
dynamic exercise, and this has limited its value in 
patients with coronary artery disease (CAD). - 
Therefore, an infusion of dobutamine was used to 
study 25 patients with exertional chest pain and 
abnormal exercise electrocardiograms. Areas of | 
abnormal wall motion were compared with areas 
of abnormal myocardial perfusion imaged by do- - 
butamine thallium emission tomography and with 
coronary arteriography. Twenty-two patients had 
significant CAD. Twenty-one (96%) of these pa- 
tients had reversible myocardial ischemia shown 
by dobutamine thallium tomography, and 20 
(91%) had reversible wall motion abnormalities - 
shown by dobutamine MRI. Comparison of ee 
mal segments of perfusion and wall motion 
showed 96% agreement at rest, 90% agreement - 
during stress, and 91% agreement for the assess- 
ment of functional reversibility. The normalized 
magnetic resonance signal intensity of the isch- 
emic segments showed a small but significant re- 
duction when compared with that of normal seg- 
ments (—67 units [9.2%]; p <0.05). Dobutamine | 
infusion was well-tolerated, despite causing chest 
discomfort in 24 patients (96%). Nine patients 
(36%) developed a minor dysrhythmia that was 
usually ventricular premature complexes, but this 
did not limit infusion, and other side effects were | 
mild. The short plasma half-life of dobutamine 
makes it ideal as a stress agent for imaging tech- 
niques (such as MRI), and these results suggest 
that it is more effective in the provocation of wall 
motion abnormalities than is dipyridamole in pa- . 
tients with CAD. 
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' W agnetic resonance imaging (MRI) is an excel- 
lent method of assessing structure and func- 


tion of the cardiovascular system. It provides 
high-resolution tomographic images with excellent soft . 
tissue contrast, cine images for the study of ventricular 
and valvular function, and velocity and flow measure- 
ments within-the heart and vessels. Because of the need. 
to use electrocardiographic triggering over many cardi- 
ac cycles it is difficult to image during dynamic exer- 


cise. The problem may be partly overcome by rapid im- 


aging techniques such as echo planar! or rapid gradient _ 
echo? imaging, but these are not yet widely available. ` 
Therefore, there have been few studies of regional or 
global ventricular function during stress in patients with 
coronary artery disease (CAD). 

We previously used cine MRI to study patients with 
CAD after infusion of dipyridamole,** but wall motion 
abnormalities were induced by dipyridamole in only 
67% of those in whom defects of thallium uptake were - 


` 7 seen.4 This low sensitivity, the problem of maintaining 


coronary, flow levels during imaging, and the difficulty 
in controlling side-effects restrict the value of dipyrida- 
mole for MRI studies. Dobutamine may be used as an 
alternative form of phermacologic stress, and was previ- 
ously used during electrocardiography,*> echocardiogra- 
phy,°®’ thallium myocardial perfusion imaging? and ra- 
dionuclide ventriculography.'° We report the first use of 


` dobutamine for the assessment of regional left ventricu- 
.. lar function by MRI in patients with CAD. 


METHODS | 

Patients: We studied 25 patients (22 men and 3 
women, mean age 52 years, range 38 to 63) with history 
of exertional chest pain and an abnormal exercise elec- 
trocardiogram who were undergoing coronary arteriog- 
raphy. Eight patients had previous Q-wave myocardial 
infarction (7 inferior and 1 apical), and 3-had had non- 
Q-wave infarction (1 inferior.and 2 anterior). No pa- 
tient had clinical signs or symptoms of cardiac failure, ` 
or was receiving diuretic treatment. All patients were 
investigated by thallium tomography using dobutamine 
stress, cine MRI using dobutamine stress, and coronary 
arteriography. All studies were performed within a 2- 
week period without intervening clinical events. Six pa- 
tients had disease of all 3 major coronary arteries, 10 
had disease of 2 vessels, 6 had disease of 1 vessel, and 3 
had no significant arterial stenosis. Patients with contra- 
indications to MRI (pacemaker) or dobutamine stress 


‘were not studied, including those with valvular heart © 


disease, hypertrophic cerdiomyopathy, second- or third- 
degree atrioventricular conduction block, heart failure 
of New York Heart Association grade 2 or more, histo- 


34 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 JULY 1, 1992 


ry of ventricular dysrhythmia or adverse reaction to dy-.. 
namic exercise, diastolic blood pressure >100 mm Hg.. 
or systolic blood pressure >200 mm Hg, or angina at. 
rest within the previous month. Beta-blocking medica- 


tion was discontinued 48 hours before dobutamine stress 
without adverse reaction, but all other medication was 
continued. The study was approved by the hospitals’ 
ethical committees, and informed patient consent was 
obtained. The estimated radiation exposure to the pa- 
tient from 80 MBq of thallium is 25 mSv.!! 

Stress: Dobutamine was infused in a peripheral vein 
with the patient in the supine position, using an IVAC 
711 syringe pump (IVAC Corporation, San Diego, Cal- 
ifornia). A 2 mg/ml solution was prepared using nor- 
mal saline, and the initial infusion rate was 5 pg/ 
kg/min. The infusion rate was increased every 5 min- 
utes by steps of 5 ug/kg/min to a maximum of 20 
pg/kg/min,'° unless significant clinical events occurred, 
in which case imaging was performed at a dose just be- 
low the threshold for the clinical event. A significant 
event was deemed to be sustained dysrhythmia, diastolic 
blood pressure >110 mm Hg or systolic blood pressure 
>220 mm Hg, dyspnea, chest pain or other noncardiac 
side effect sufficient to cause patient discomfort. The 
electrocardiogram was monitored continuously (lead 
CM5), and blood pressure was recorded each minute 
during infusion, using an automatic pneumatic cuff sys- 
tem (Dinamap 845, Applied Medical Research, Tampa, 
Florida). 

Thallium tomography: Eighty megabequerels of 
thallium were administered intravenously into a second 
cannula after hemodynamic equilibration at the peak 
infusion rate of dobutamine, which was then continued 
for a further minute. The immediate tomographic im- 
ages were obtained after approximately 5 minutes, and 
redistribution images were obtained after 3 hours. A 
General Electric 400AZS gamma camera and a Star 
computer were used to obtain 32 planar images (64 X 
64 pixel matrix, 400 mm field of view, 30 seconds/ 
image) over a 180° arc from the right anterior oblique 
to the left posterior oblique projection. Transaxial tomo- 
grams of 1 voxel depth were reconstructed by back pro- 
jection, using a Ramp-Hanning filter with a cutoff fre- 
quency of 0.75 pixel~!. The transaxial tomograms were 
reoriented into oblique slices in the vertical and horizon- 
tal long- and short-axis planes. 

Magnetic resonance imaging: Dobutamine was in- 
fused using small bore extension tubing with the patient 
in the magnet. The syringe pump was tested in the 
proximity of the magnetic field and found to function 
normally. The tubing was primed with the dobutamine 
solution, but the cannula was not primed, being left con- 
taining a solution of low-dose heparinized saline to pre- 
vent coagulation. After baseline imaging and without 
removing the patient from the scanner, the cannula was 
slowly flushed with 1 ml of dobutamine solution, and 
the infusion was then set to 5 g/kg/min to begin the 
stress. At peak dose, wall motion images were repeated. 
At a typical stress heart rate of 120 beats/min, the im- 
aging time for each cine was approximately 2 minutes. 

A Picker International MR2055 scanner was used, 
operating at 0.5 Tesla. Cine imaging was performed us- 








i ing a sequence with gradient-refocused, velocity-com- 
pensated echoes in the vertical and horizontal long-axis, 


and apical and basal short-axis planes. To minimize 
magnetic saturation of blood at the apex in the long- 
axis planes, only 12 frames were obtained spanning all 
but the final 60 ms of diastole. Field of view was 40 cm, 
slice thickness 10 mm and echo time 14 ms, and 2 ac- 
quisitions of 128 phase-encoding steps were averaged. 
Images were interpolated from 128 X 256 to 512 X 512 
pixels for display. 

Coronary arteriography: Judkin’s technique was 
used with multiple views of each vessel, and contrast left 
ventriculography was performed in the right anterior 
oblique projection. 

Image analysis: All images were assessed by 2 expe- 
rienced observers without knowledge of the results of 
other investigations, and disagreement was resolved by 
discussion. The left ventricular myocardium was divided 
in 9 segments by splitting the anterior, inferior and lat- 
eral walls, and septum into a basal and apical segment, 
and including an extra segment for the apex (Figure 1). 
Each segment was seen in 2 different planes. Segmental 
wall motion was characterized from cine magnetic reso- 
nance tomograms as normal, hypokinetic or akinetic, 
and segmental myocardial perfusion was characterized 
from thallium tomograms as normal, reduced or absent. 
If the appearance of a segment differed in the 2 planes 
in which it was seen, the worse of the 2 classifications 
was used. A dobutamine-induced wall motion abnor- 
mality- was defined as a deterioration of =1 category. 
Dobutamine-induced myocardial ischemia was defined 
as impaired stress perfusion with redistribution of 21 
category in the delayed images. Coronary arteriograms 
were assessed subjectively, and significant stenosis was 
defined as a reduction of 250% of the normal luminal 


‘diameter. Ventricular volumes were calculated by the 


VLA 


. Anterior 


e 


inferior 


FIGURE 1. Planes used for analysis. Vertical long-axis plane 
(VLA) is obtained from transaxial plane by allowing for left- 
ward angulation of left ventricle. Horizontal long-axis plane 
(HLA) is obtained from this by allowing for downward angula- 
tion of left ventricle. Short-axis plane (SA) is perpendicular to 
both. Each ventricular wall was divided in 2 segments, which 
with 1 apical segment made 9 segments for analysis in each 
patient. 
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TABLE I Mean Hemodynamic Changes of 25 Patients at Each 
Stage of the Dobutamine Infusion 


Dose of dobutamine 5 20 
(g/kg/min) 

Systolic BP (mm Hg) 

Diastolic BP (mm Hg) 77.3 76.5 

Heart rate (beats/min) 71.4 84.4 

Double product (x 103 9.7 129 
mm Hg/min) 


135 153 157 158 
75.9 76.2 
97.3 113 


15.2 17.7 


166 
TI 

119 
19.8 


BP = blood pressure. 


TABLE il Changes in Left Ventricular Volumes and Ejection . 
Fraction from Baseline to Peak Stress in 25 Patients 


Stroke Ejection 
Volume Fraction 
(ml) (%) 


65.5 
59.4 
—6.1 
<0.001 


End-Diastolic 
Volume (ml) 


End-Sysiolic 
Volume (ml) 


47.6 
42.0 
=O 
<0.001 


90.3 

63.4 

=260.9 
<0.001 


Baseline 
Peak stress 
Change 

p value 





biplane area-length method, using the end-diastolic and 
end-systolic frames from the vertical and horizontal 
long-axis cines.!2 

The myocardial signal from the ischemic and nor- 
mal myocardial regions was obtained by drawing a re- 
gion of interest around the myocardium showing < new 
wall motion abnormality during stress, and using the 
same region of interest to determine the signal intensity 
in the corresponding baseline image. Regions of interest 
were drawn on the frame nearest to end-systole. The 
same technique was used to define the signal in normal 
myocardium and subcutaneous fat. The ratio of fai sig- 
nal at baseline and during stress was multiplied by the 
stress myocardial signal for normalization to correct for 
changes in signal due to changes in the acquisition pa- 
rameters used for imaging. 

Statistical analysis: Hemodynamic changes during 
dobutamine infusion were analyzed using 2-way analy- 
sis of variance with repeated measures. Myocardial sig- 
nal changes before and after dobutamine were analyzed 
using a paired ¢ test. Distribution of the number of isch- 
emic thallium segments and reversible wall motion seg- 
ments according to the number of diseased coronary 
arteries was analyzed using the Spearman rank correla- 
tion coefficient. McNemar’s test for comparison of 2 
proportions was used to analyze the difference between 
thallium tomography and MRI in the detection of 
CAD. Changes in ventricular volumes and ejection frac- 
tions from baseline to peak stress were analyzed using a 
paired ¢ test, and linear regression analysis was used to 
compare the volume and ejection fraction changes with 
the extent of myocardial ischemia as defined by thalli- 
um tomography. A p value <0.05 was considered sig- 
nificant. | 


RESULTS 

Clinical effects of dobutamine: Dobutamine infusion 
produced chest pain or discomfort in 24 patients (96%), 
and was limited to 10 „g/kg/min in 5 and to 15 


ug/kg/min in 9. The remaining 11 patients tolerated 
the full dose of 20 ug/kg/min. Other symptoms oc- 
curred in 19 patients (76%), including skin tingling 
(usually of the scalp} (n = 13), heart pounding (n = 5), 
mild nausea (n = 3), warmth (n = 3), dyspnea (n = 2), ` 
shaking (n= 1) and headache (n= 1). None of these 
symptoms needed termination of the stress, and most 
occurred at peak stress, except for skin tingling, which 
occurred as soon as the infusion began. Dysrhythmias 
were seen in 9 patients (36%) (7 ventricular premature 
complexes, 2 atrial premature complexes, 1 left bundle 
branch block, 1 sinus pauses and 1 nodal rhythm). No 
dysrhythmia was considered to be an indication for pre- 
mature termination of stress. 

Hemodynamic effects of dobutamine: The response 
in the 25 patients of blood pressure and heart rate to 
dobutamine infusion is shown in Table I. Systolic blood 
pressure, heart rate and double product increased signif- 
icantly (p <0.001), but there was no change in diastolic 
blood pressure. At 20 „g/kg/min, systolic blood pres- , 
sure increased by a mean of 31 mm Hg, heart rate by . 
48 beats/min, and dcuble product by 10.1 X 10? mm 
Hg/min. There was a significant decrease from baseline 
to peak stress in end-diastolic, end-systolic and stroke 
volumes, and ejection fraction (Table II). There was no 
significant correlation between the extent of change in 
these volume parameters and the extent of myocardial 
ischemia as determined by the number of segments of 
reversible myocardial perfusion abnormality. 

Thallium tomography: Twenty-one of the 22 pa- 
tients with CAD had abnormal thallium tomograms. 
The remaining patient had an occluded but nondomi- 
nant circumflex artery with 60% narrowing of a diago- 
nal branch of the left anterior descending artery. There 
was a Significant correlation between the number of seg- 
ments with perfusion defects and the extent of the 
CAD: patients with 3-, 2-, 1- and no vessel disease had 
an average of 5.2 (range 4 to 7), 4.7 (0 to 7), 2 (1 to 4) 
and 3 (2 to 4) abnormal segments, respectively (r, = 
0.58; p <0.005). There was a wide range of defect size 
in each group, and the 3 patients with no significant 
arterial stenosis were also found to have abnormal per- 
fusion. All 8 patients with previous Q-wave infarction 
had defects in the redistribution tomograms correspond- 
ing with the known site of infarction and with abnormal 
wall motion on x-ray contrast left ventriculography. Of 
the 3 patients with previous non-Q-wave infarction, all 
had normal x-ray contrast left ventriculograms, but 1 
had evidence of abnormal perfusion in the redistribution 
thallium images. 

Magnetic resonance imaging: Twenty of the 21 pa- 
tients (95%) with reversible ischemia induced by do- 
butamine during thallium tomography had new wall 
motion abnormalities similarly induced during MRI. 
The site of the wall motion abnormality always corre- 
sponded with the perfusion defect and was similar in 


_ extent (Figures 2 and 3). A dobutamine-induced wall 


motion abnormality was not detected in 1 patient with 1 
segment of reversible ischemia affecting the basal inferi- 
or wall. Of the 8 patients with previous Q-wave infarc- . 
tion, 7 had wall motion defects at rest corresponding 
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with the site of infarction. The remaining patient had a 
small basal inferior infarction. Of the 3 patients with 
non-Q-wave infarction, 1 had a mild resting wall motion 
abnormality seen by MRI, but normal x-ray contrast 
left ventriculography and normal thallium images. The 
other 2 patients had normal resting wall motion, al- 
though 1 had a fixed thallium defect. One patient with 
severe 3-vessel disease and inferior infarction had both 
baseline inferior hypokinesis and a small area of anteri- 
or hypokinesis. 

There was a significant correlation between the 
number of segments with wall motion defects and the 
extent of CAD; patients with 3-, 2-, 1- and no vessel 
disease had an average of 5.2 (range 4 to 7), 4.1 (0 to 
6), 1.7 (1 to 3) and 3.3 (2 to 4) abnormal segments, 
respectively (r, = 0.57; p <0.005). As with the thallium 


baseline (a and b) and during dobutamine stress (c and d). 
Left images are at end-diastole (a and c), and right images 
are at end-systole (b and d). Baseline contraction pattern is 
normal with uniform thickening (b), but during dobutamine 
stress (d), there is abnormal contraction and thickening of in- 
ferior wall (short arrows) and lower septum (long arrow). 

thallium perfusion short-axis tomograms dur- 
ing stress (e) and after redistribution (f) are shown. Note re- 
versible inferoseptal perfusion defect (arrow) and close corre- 
spondence with wall motion abnormality. Patient had right 
coronary artery disease. 


findings, there was a wide range of defect sizes in each 
group, and abnormal stress wall motion was present in 
the 3 patients with no significant arterial stenosis. 

Comparison of wall motion and perfusion: The sen- 
sitivity and specificity for the detection of individual 
coronary artery stenoses by thallium myocardial perfu- 
sion tomography and MRI is shown in Table III. There 
were no significant differences between the 2 tech- 
niques. 

The numbers of patients and segments with resting 
abnormalities and stress-induced abnormalities of myo- 
cardial perfusion and wall motion are shown in Table 
IV. The similarity in the results suggests a close agree- 
ment between the techniques, whether assessed in terms 
of patients or segments. This was confirmed by further 
analysis of the differences between segmental perfusion 
and wall motion in the rest and stress images, and in the 
identification of reversible myocardial ischemia. At rest, 
there was agreement between techniques in 216 of 225 
segments (96%), and during stress in 203 of 225 (90%). 





FIGURE 3. Example of lateral reversible wall motion and per- 


fusion . Same format as Figure 2. Baseline con- 
traction pattern is normal with uniform thickening (b), but dur- 
ing dobutamine stress there is abnormal contraction and 
thickening of the lateral wall (d, arrows). Corresponding thalli- 
um perfusion short-axis tomograms during stress (e) and after 
redistribution (f) are shown. Note reversible lateral wall perfu- 
sion defect (arrow) and close correspondence with wall motion 
abnormality. Patient had left circumflex artery disease. 
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“TABLE m Sensitivity of Specificity of Thallium and Magnetic 
Resonance imaging in the Detection of Individual Coronary 
Artery Stenoses 












Sensitivity 





Specificity 
(%) 









Thallium 





Left anterior descending 










artery (anterior wall MRI 80 50 
and septum) 
Left circumflex artery Thallium 94 33 
(lateral wall) MRI 94 33 
Right coronary artery Thallium 85 17 
(inferior wali) MRI 92 25 
Left circumflex or right Thallium 91 66 
coronary artery (infe- MRI 91 100 










rior or lateral wail) 


a MRI = magnetic resonance imaging. 


There was agreement between techniques in 204 of 225 
segments (91%) in the assessment of the presence of 
reversible ischemia. 

Short-axis cine images had the highest contrast be- 
tween blood and myocardium, and thus were the most 
reliable for the assessment of wall motion. However, 
short-axis cines are unable to assess myocardial function 
_ at the apex, and because of magnetic saturation of slow 
_. moving blood, the apex is also difficult to assess using 

- the long-axis views; this is worsened during the tachy- 
cardia induced by dobutamine stress. This resulted in 
difficulty in assessing the function of the apical segment 
by MRI, and disagreement for this segment with thalli- 
um myocardial perfusion tomography was frequent, ac- 
counting for 9 of 22 segments where the results of the 2 
techniques were disparate during stress. 





aseline short-axis aes at end-systole (a), mid-diastole 
end-diastole (c) are shown. images during dobutamine 
sire: correspon phases of cardiac cycle (d, e and f) are 
wn. There is age pep 
fey ad ad Gack od caia car cee a 
region fe and f, arrows). 
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TABLE IV Numbers of Patients and Myocardial Segments 
Classified According to the Findings of Thallium Tomography- 
(perfusion) and Magnetic Resonance Imaging (wall motion) 


Wai Motion i 


Perfusion 


Segments Pts, Segments 


Normal at rest 16 
New stress abnormality 15 


Abnormal at rest 
New stress abnormality 


Magnetic resonance signal changes of the myocar- 
dium: In the 21 patients developing a new stress wall 
motion abnormality, it was possible to compare the 
magnetic resonance signal intensity before and after do- 
butamine stress in normal and ischemic areas in the 
short-axis plane. In normally contracting myocardium 
there was a small but insignificant reduction in signal, 


but in the ischemic myocardium there was a significant ..,, 


reduction (—67 units [9.2%]; p <0.05). In 5 patients, 
the altered signal was apparent from inspection of - 
the images (Figure 4). In 7 patients, less well-defined 
changes were seen. Signal reduction was most obvious 
during diastole. 


DISCUSSION 

Overall sensitivity and comparison with dipyrida- 
mole stress: We showed that MRI during dobutamine 
stress is feasible and relatively safe in patients with 
CAD. There was a 95% incidence of reversible wall mo- 
tion abnormalities in patients with reversible abnormali- 
ties of myocardial perfusion, with close matching of the 
site and extent of the defects. Therefore, this technique 
may prove useful in assessment of the functional signifi- . 


cance of CAD. These findings contrast with those from. 


a dipyridamole MRI study in which the sensitivity was 
only 67%* and are consistent with those from dog stud- 
ies comparing the 2 drugs in studies of wall motion.!3 
Sensitivity and specificity in each arterial territory: 
The sensitivity of the 2 techniques in the detection of 
individual arterial stenoses was very similar (Table III). 
The low specificity for both techniques in the exclusion 
of stenosis of the left anterior descending artery oc- 


curred because of the inclusion of 5 patients in whom 


significant coronary artery stenosis of the left anterior 


descending artery was not present, but who, however, 2 


developed perfusion and wall motion abnormalities in 
the anterior wall or septum (1 had a left anterior de- 
scending artery muscle bridge, 1 had 30% stenosis, and 
3 were subsequently diagnosed as having syndrome X). 
The low specificity for both techniques in the exclusion 
of stenosis of the right coronary and left circumflex 
arteries occurred because of the difficulty in assigning a 
unique myocardial territory to these 2 arteries. Inferior 
abnormalities often develop in the presence of stenosis 
of either artery, whereas lateral abnormalities are un- 
usual in right CAD.’ Therefore, more representative 
figures can be determined by as | the 2 arteries 
together (Table HI). | 

Comparison of magnetic. resonance | nd thallium 
imaging: There were no significant differences between 














MRI and thallium imaging in the diagnosis and assess- 
ment of CAD in this study, but the techniques involved 
are contrasting. First, stress is maintained throughout 
MRI, but can be stopped soon after thallium injection. 
Second, thallium data are obtained in 1 camera rotation 
and subsequently reoriented into oblique tomograms, 
whereas during MRI, each tomogram is obtained sepa- 
rately. This limits the number of tomograms that can be 
obtained during stress in the survey of the left ventricle. 
We obtained 2 long-axis and 2 short-axis slices, which 
allowed each segment of the ventricle to be assessed in 2 
planes. Although this introduces a potential for sam- 
pling error, the results suggest that clinically significant 
reversible ischemia was not missed. Third, stress thalli- 
um imaging is performed after patient recovery, where- 
as MRI proceeds during full stress, which sometimes 
results in a reduction in MRI cine quality owing to in- 
creased respiratory motion. Although this did not inter- 
fere with the interpretation of the cines in these pa- 
tients, this may be a problem. In response to all these 
difficulties, faster MRI techniques would allow a re- 
duced period of stress, a comprehensive left ventricular 
survey with contiguous short-axis slices, and imaging 
unaffected by respiratory excursion.! 

Changes in ventricular volumes with dobutamine 
stress: There were highly significant reductions from 
baseline to peak stress in end-diastolic, end-systolic and 
stroke volumes, and ejection fraction (Table ID, but no 
significant correlation between the reduction of any pa- 
rameter and the extent of myocardial ischemia. This 
suggests that the assessment of CAD using regional 
ventricular function during stress is more sensitive than 
that using global ventricular function. 

Myocardial signal change: The 9.2% signal reduc- 
tion observed in the myocardial segments with wall mo- 
tion abnormality is of interest, because such changes 
have also been observed in ischemic myocardial seg- 
ments using intravenous‘ and oral!4 dipyridamole. It is 
unlikely that the effect is the result of hypokinesis, be- 
cause decreased motion should cause an increase in sig- 
nal due to a reduction in motion-associated signal de- 
crease. Acute changes in the relaxation parameters T, 
and T; are also an unlikely explanation, because in ex- 
perimental models of ischemia, such changes are not 
seen until after 30 minutes.'> Therefore, the most likely 
explanation is that there is a smaller increase in blood 
content in the abnormal myocardium during stress than 
in the normal myocardium.!* Although reduced signal 
was seen in approximately 50% of patients with a new 
stress wall motion abnormality, reduced signal was oc- 
casionally seen in nonischemic areas, and therefore, the 
specificity of signal decrease remains to be determined. 

Choice of adrenoceptor agonist: The a agonism of 
epinephrine and norepinephrine leads to venoconstric- 
tion if infused peripherally, and although ischemia may 
be provoked,!’ the need for a central infusion is not 
ideal. This is also true of dopamine, which has, in addi- 
tion, been shown to be less effective than is dobuta- 
mine.'® Isoprenaline has no a-agonist effects and is ef- 
fective as a stressor,’ but has no effect on blood pres- 
sure, and therefore mimics exercise less well than does 
dobutamine and should be administered in a central 


vein because of the high acidity of its solution. Only 
dobutamine can be safely administered in a peripheral 
vein. A further advantage of dobutamine is that it is less 
arrhythmogenic than are other inotropes in patients 
with CAD.702! 

Effect of dobutamine: Dobutamine increases myo- 
cardial oxygen demand, and in the setting of acute isch- 
emia has been shown to increase oxygen demand above 
availability.2* It also dilates the distal coronary vessels, 
which leads to an increase in coronary flow,”?4 and -a 
decrease in perfusion pressure distal to coronary steno- 
ses. Therefore flow becomes heterogeneous?’ and may 
be redirected to the subepicardium.”© Dobutamine may' 
also increase flow resistance at the site of a stenosis.76 

Clinical use of dobutamine stress: Dobutamine is 
well-tolerated and easy to administer, and causes an in- 
crease in double product comparable with that generat- 
ed by moderate levels of dynamic exercise.”’ The tachy- 
cardia also shortens imaging time. Its short action 
allows easy control of the stress level, it is safe in asth- 
matic patients, and side effects are of short duration. A 
disadvantage of dobutamine is that it is antagonized by 
8 blockers, although this effect may not hinder imag- 
ing.’ Higher doses of dobutamine may overcome £ 
blockade, but the safety of this approach has not been 
established. 

Study limitations: The pretest likelihood of CAD in 
this cohort was high, and although MRI has been 
shown to be feasible, extrapolation to a general popula- 
tion cannot be made without further studies. For the 
same reasons, the specificity of this technique cannot be 
ascertained from this study. 

Images were analyzed qualitatively, and a more rig- 
orous treatment would be desirable. Although this may 
be achievable for perfusion, there is no sound method 
available at present for wall motion analysis, particular- 
ly because ischemic wall motion can be manifest as ei- 
ther abnormal systolic thickening or temporal contrac- 
tion heterogeneity.2® Further development of MRI myo- 
cardial tagging may prove useful.?? 

The use of dobutamine in 1 patient was associated 
with improvement rather than deterioration in regional 
contraction in the territory of a reversible thallium per- 
fusion defect. This effect of dobutamine has been used 
to identify areas of viable myocardium after myocardial 
infarction.*° Further study is needed to determine if this 
behavior is likely to cause difficulty in the diagnosis of 
CAD when using dobutamine to induce regional myo- 
cardial ischemia for wall motion studies. 
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Enhan ed Sensitivity for Detection of Coronary 
Artery Disease by Addition of Atropine to 
Dobutamine Stress Echocardiography 


Albert J. McNeill, MD; Paolo M. Fioretti, MD, El-Said M. El-Said, MB, BCh, MS, 
Alessandro Salustri, MD, Tamas Forster, MD, and Jos R.T.C. Roelandt, MD 


Patients undergoing dobutamine stress echocardi- 
ography often take § antagonists which limit heart 
rate response and sensitivity in the test for detec- 
tion of coronary artery disease. The aim of this | 
study was to assess the effect of the addition of 


atropine to dobutamine stress echocardiography — 


on clinical, electrocardiographic and echocardio- 
graphic outcomes. Dobutamine stress echocardi- : 
` ography was performed starting at and increasing 
every 3 minutes with 10 ug/kg/min to a maximum 
of 40 g/kg/min (stage 4), which was continued 
for 6 minutes. In patients not achieving 85% pre- 
dicted maximal exercise heart rate and in whom 
the test was not judged positive on echocardio- 
graphic or electrocardiographic criteria, atropine 
(0.25 mg intravenously, repeated up to a maxi- 
mum of 1 mg if necessary) was added and dobuta- 
mine continued for up to a further S minutes, or 
until an adequate heart rate was achieved or the 
test was stopped because of chest pain or electro- 
cardiographic changes. Of 80 consecutive patients 
undergoing dobutamine stress echocardiography 
within 2 weeks of coronary angiography, 49 re- 
quired atropine (group A) and 31 required only do- 
butamine (group B). After dobutamine alone, heart 
rate (mean + SD) was higher in group B than in 
group A: 129 + 20 vs 90 + 18 beats/min, p 
<0.0001; but after the addition of atropine, heart 
rate in group A increased to 120 + 20 beats/min. 
Overall sensitivity for the detection of coronary 
disease was 70%, 95% confidence interval (Cl) 55 
to 83%; after the addition of atropine, sensitivity 
for group A was 65%, 95% CI 45 to 81%; in 
group B, sensitivity was 81%, 95% CI 54 to 96%. 
Overall specificity for the detection of coronary 
disease was 88%, 95% CI 72 to 97%; specificity 
was 89%, 95% CI 65 to 99% after atropine in 
group A and 87%, 95% CI 60 to 98% in group B. 
The addition of atropine did not reduce specificity 


of the test. There were no severe complications __ 
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and no difference between groups in the frequen- 


cy of complications or the need to administer 8 
blockers for relief of symptoms. 

The addition of atropine to dobutamine stress 
echocardiography in patients whose test results 
are negative and who do not achieve 85% predict- 
ed maximal heart rate during dobutamine alone in- 
creases the sensitivity of the test for detection of 
coronary artery disease without loss of specificity 
and without severe adverse effects.. 

(Am J Cardiol 1992:70:41-46) 


sensitivity, specificity and reproducibility! for 
noninvasive detection of coronary artery disease, 
but requires adequate cooperation and motivation; this 
may be impossible in patients with orthopedic or neuro- 
logic conditions that preclude exercise. An alternative is 
to combine echocardiography with pharmacologic stress 
with dobutamine,’ dipyridamole* or adenosine.” 
Dobutamine is a sympathomimetic agent with both 
positive chronotropic and inotropic effects, 6 which in 
high doses increases myocardial oxygen demands induc- 


S= echocardiography with exercise has a high 


ing myocardial ischemia in the presence of significant 


coronary stenoses. Comparison of dobutamine stress 
echocardiography and exercise electrocardiography in 
patients taking 8 antagonists shows lower mean peak 
heart rate and systolic blood pressure during dobuta- 
mine than during exercise.? We postulated that this rel- 
atively low peak heart rate during dobutamine stress 


_ may adversely affect the sensitivity of dobutamine stress 


echocardiography. Accordingly, we altered the protocol 
for dobutamine’ stress echocardiography to incorporate 
the addition of atropine at the end of the usual dobuta- 
mine. infusion. in patients not achieving 85% predicted 
maximal exercise heart rate, and in whom the stress test 
was not regarded as positive during dobutamine alone. 
The aim of the study was to assess the effect of the 
addition of atropine to dobutamine on clinical, electro- 


cardiographic and echocardiographic outcomes of the 


stress test, and to assess the sensitivity and specificity of 


this combined pharmacologic stress test for detecting 


coronary artery disease. 


METHODS 

Patient selection: Patients who received atropine in 
this study formed a subgroup of consecutive patients 
undergoing dobutamine stress echocardiography who 
© also underwent baie] angiography within 2 
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weeks of stress testing; (2) had negative results after 
dobutamine stress echocardiography with administra- 
tion of dobutamine alone; and (3) did not achieve 85% 
predicted maximal exercise-induced heart rate for age 
and sex during administration of dobutamine alone. 

Stress echocardiography (Figure 1): After informed 
verbal consent, 2-dimensional precordial echocardio- 
graphy was performed at rest using Hewlett-Packard 
Sonos 1000 echo apparatus with 2.5 and 3.5 MHz 
transducers. Standard apical and parasternal views were 
recorded on videotape. The optimal transducer positions 
were marked on the chest, and a baseline 12-lead elec- 
trocardiogram was recorded. When the standard posi- 
tion of a chest electrode coincided with the marked 
transducer position the electrode was moved one space 
higher or lower. 

After a baseline 12-lead electrocardiogram was re- 
corded, dobutamine infusion was administered intrave- 
nously using an infusion pump, starting at a dose of 10 
„g/kg/min for 3 minutes, and increasing by 10 ug/kg/ 
min every 3 minutes to a maximum of 40 g/kg/min 
(stage 4); this was continued for 6 minutes. In patients 
not achieving 85% predicted maximal exercise heart 
rate, atropine (0.25 mg) was given intravenously at the 
end of stage 4, and repeated to a maximum of 1 mg if 
necessary with the continuation of dobutamine for up to 
a further 5 minutes if necessary to achieve 85% predict- 
ed maximal exercise heart rate. 

Throughout dobutamine infusion the electrocardio- 
gram was continuously monitored, the 12-lead elec- 
trocardiogram recorded each minute and cuff blood 
pressure taken every 3 minutes. Two-dimensional echo- 


cardiography was continuously monitored; standard 


parasternal and apical images were acquired by one of 
the authors and were recorded on videotape for the last 
minute of each of stages 1 to 3, the last 4 minutes of 
stage 4, and continuously for up to 5 minutes after atro- 
pine administration. The infusion was stopped if the pa- 
tient developed obvious new wall motion abnormality, 
ST depression of >2 mm 80 ms after the J point, ST 
elevation, significant chest pain, ventricular tachycar- 
dia, a decrease in blood pressure >20 mm Hg from rest- 
ing value, or any complication considered to be due to 
dobutamine. Metoprolol was available and used to re- 
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FIGURE 1. Schematic representation of the study protocol. 


verse the effects of dobutamine or atropine if these did 
not revert spontaneously and quickly. 
Echocardiographic assessment: In addition to as- 
sessment of echo images during acquisition, additional 
assessment was also performed by 2 experienced inves- 
tigators after acquisition. Both on- and off-line as- 
sessments were done without knowledge of the patients’ 
coronary anatomy but with knowledge of the doses of 
dobutamine and atropine used. When there was dis- 
agreement between the 2 off-line assessors, a third 
investigator viewed the images without knowledge of 
the previous assessments and a majority decision was 
achieved. For this semiquantitative assessment, the left 
ventricular wall was divided into 16 segments’ and 
scored using a 4-point scale: 1 = normal, 2 = hypokinet- 
ic, 3 = akinetic, and 4 = dyskinetic. An increase in score 
between rest and stress in | or more segments, i.e., a 
new or worsened wall motion abnormality, constituted a 


- 


positive test. Using this system an index of global left 


ventricular wall motion (wall motion score index) was 
calculated as sum of the scores in the visualized seg- 
ments/number of segments visualized; indexes were de- 
rived for images acquired at baseline, peak dobutamine 
and after atropine. In our laboratory inter- and intraob- 
server agreement for stress echocardiographic assess- 
ment is 91%%; recent data indicate that assessment of 
100 stress echocardiograms is adequate training for di- 
apnostic accuracy in this technique’ and all investi- 
gators in our center have such experience. We do not 
routinely use a continuous-loop format for assessing 
pharmacologic stress echocardiography, because we 
previously tested whether cine loop analysis of dobuta- 
mine echocardiography had advantages over analysis of 
images from videotape and found the same results with 
the 2 techniques.? 

Coronary angiography: Coronary angiography was 
performed by the Judkins’ technique within 2 weeks of 
stress echocardiography. A lesion of >50% diameter 
stenosis is taken as representing significant coronary ar- 
tery disease. The decision to perform coronary angiog- 
raphy was never based on the results of stress echocardi- 
ography. 

Statistical analysis: Results are expressed as mean 
+ SD and 95% confidence intervals (CI) are given 
where appropriate. Discrete variables were compared 
using the chi-square test or Fisher’s exact test; continu- 
ous variables were compared using paired and unpaired 
Student’s ź tests or 1-way analysis of variance as appro- 
priate. 


RESULTS 

Study population: Eighty consecutive patients un- 
dergoing dobutamine stress echocardiography and coro- 
nary angiography were included in the study. Clinical 
details are summarized in Table J. Forty-nine patients 
received atropine in addition to dobutamine (group A) 
and 31 achieved a test end point with dobutamine alone 
(group B). There was no difference between these 2 
groups with regard to the overall incidence of significant 


= coronary artery disease, but there was a trend toward 


more 1-vessel disease in group A: 24 of 31 (77%) pa- 
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TABLE | Clinical Characteristics of Patients Receiving Atropine 
(group A) and No Atropine (group B) 


Group A Group B p Value 


No. of patients 49 31 
Men:women 40:9 19:12 
Mean age + SD 57 Æ 12 62+ 10 


31 (63%) 16 (52%)} 
24:7 8:8 
2121237 8:5:11 


19 (39%) 9 (29%) 
24 (49%) 15 (48%) 
2 (4%) 2 (7%) 


46 (94%) 18 (58%) 
29 (59%) 15 (48%) 
20 (41%) 13 (42%) 


Coronary artery disease 
} vessel: multivessel 
LAD:LC:right 


Previous MI 
Previous PTCA 
Previous CABG 


B antagonists 
Calcium antagonists 
Nitrates 


CABG = coronary artery bypass grafting; LAD = left anterior descending; LC = left 
circumflex; NS = not statistically significant; PTCA = percutaneous transluminal 
coronary angioplasty. 


TABLE ff Frequency of Primary Reasons for Stopping Stress 
Test 


Group A Group B 


49 31 

30 (61%) 19 (61%) 

12 (25%) 7 (23%) 
2 (4%) 4 (13%) 

ST depression 3 (6%) 0 

New wall motion abnormality 0 1 (3%) 

Chills 2 (4%) 0 


Na. of patients 
Adequate heart rate 
Chest pain 

ST elevation 





tients with coronary disease in group A had 1-vessel dis- 
ease compared with 8 of 16 (50%) in group B, p = 0.11. 
The distribution of diseased vessels was different be- 
tween the 2 groups, with a greater proportion of pa- 
tients from group A having left anterior descending and 
circumflex lesions and more patients in group B having 
right coronary lesions. Mean age was lower and § an- 
tagonist use was more frequent in group A. There was 
no difference between groups in the frequency of previ- 
ous infarction, angioplasty or coronary artery bypass 
grafting. 

Reasons for termination of the test: The primary 
reasons for termination of the stress test in the 2 groups 
are listed in Table JI. In some cases a patient had an 
additional reason for stopping, e.g., chest pain accompa- 
nying ST elevation. There was no difference between 
groups in the reasons for termination of the test; in 
>60% of patients from both groups, the test was discon- 
tinued primarily because an adequate heart rate was 
achieved. In only 1 patient was the test stopped because 
of new wall motion abnormality. 

Hemodynamic changes: Changes in heart rate and 
systolic blood pressure with dobutamine and atropine 
are shown in Tables III and IV. In group A, both heart 
rate and systolic blood pressure increased significantly 
after dobutamine alone and increased further after ad- 
dition of atropine. Within group A there was no differ- 
ence between patients with and without coronary artery 
disease for either mean heart rate or systolic blood pres- 


Atropine 


Dobutamine Atropine 


120 + 19.6 
88+18.7 118+ 19.0 
92 + 18.3 122 + 20.0 

129 + 20.1 m=- 

(+CAD) 744146 128+ 21.4 kanas <0.0001 
(—CAD) 77+12.8 130+ 19.3 on <0.0001 
Analysis in group A was performed by 1-way analysis of variance and in group B by 
paired t tests. 


+CAD = patients with significant coronary artery disease; —CAD = patients without 
significant coronary artery disease. 


Base p Value 


<0.0001 
<0.0001 
<0.0001 
<0.0001 


64 + 9.6 90 + 18.4 
63 + 9.8 
66 + 9.7 


76 + 13.6 


Group A (all) 
(4-CAD) 
{(—CAD) 

Group B (all) 


TABLE IV Changes in Systolic Blood Pressure After 
Dobutamine and Atropine 


Base Dobutamine Atropine p Value 


Group A {ail} 


(+CAD} 
(—CAD) 


Group B (all) 


(+CAD) 
{—CAD) 


129 7 
127 +16 
isi 19 
136 + 22 
142 + 25 
130 + 17 


139 + 19 
140 4 19 
139 + 18 
148 + 30 
154 + 33 
141 + 25 


147 + 24 
149 + 25 
142 + 23 


ee 
teeennenraa 


aeree 


<0.0001 
0.0003 
0.25 
0.001 
0.03 
0.01 


Explanation and abbreviations as in Table III. 





sure at baseline, after dobutamine or after addition of 
atropine. In group B, mean heart rate and systolic blood 
pressure increased significantly from baseline to peak 
dobutamine, and there was no difference between those 
with and without coronary artery disease for values at 
base and peak stress. 

Comparison of heart rate data between groups A 
and B showed a higher baseline value in group B: 76 + 
13.6 beats/min compared with 64 + 9.6 beats/min, p 
<0.0001. At peak dobutamine, heart rate in group A 
was 90 + 18.4 beats/min compared with 129 + 20.1 
beats/min in group B, p <0.0001. There was a small 
difference between peak stress (peak atropine in group 
A, peak dobutamine in group B) heart rates in the 2 
groups: 120 + 19.6 beats/min for group A and 129 + 
20.1 beats/min for group B, p = 0.04. 

Base and peak dobutamine systolic blood pressures 
tended to be higher in group B although the differences 
did not reach statistical significance: 129 + 17 mm Hg 
compared with 136 + 22 mm Hg, p = 0.09 for baseline 
values; and 139 + 19 mm Hg compared with 148 + 30 
mm Hg, p= 0.13 for peak dobutamine. There was no 
difference between groups A and B for peak stress sys- 
tolic blood pressure: 147 + 24 and 148 + 30 mm Hg, 
p = 0.86. 

Sensitivity and specificity of stress echocardiogra- 
phy: Of the 47 patients with significant coronary artery 
disease, 33 developed a new or worsened wall motion 
abnormality in the area of myocardium judged to be 
subtended by the stenotic coronary artery after either 
dobutamine or atropine (an overall sensitivity of 70%, 
95% CI 55 to 83%). In group A, off-line review revealed 
new wall motion abnormalities, which had been unrec- 
ognized during on-line assessment in 2 of 31 patients 
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- (7%, 95% CI 1 to 21%) with coronary artery disease: 


before the addition of atropine; 20 of 31 had new wall 
motion abnormalities after the addition of atropine 
(sensitivity for group A of 65%, 95% CI 45 to 81%). In 
group B, new or worsened wall: motion abnormalities 
occurred in 13 of 16 patients with: coronary artery dis- 
ease (sensitivity.81%, 95% CI 54 to 96%) (Figure-2). 
The overall specificity of stress echocardiography for 
detection of.coronary artery disease was 88%, 95% CI 
72 to 97% (4 of 33 patients without significant coronary 
disease developed a new or worsened wall motion abnor- 
mality after either dobutamine or atropine). In group A, 
none of the 18 patients without coronary disease had 
a positive echocardiographic finding with dobutamine 
alone, but in 2 patients the echocardiogram became pos- 


itive after the addition of atropine (specificity 89%, 


95% CI 65 to 99%). In group B, 2 of the 15 patients 
“ without coronary disease had a positive echocardio- 
graphic results after dobutamine. (specificity 87%, 95% 
CI 60 to 98%) (Figure 3). Of the 49 ‘patients in group 


A, 4 had wall motion abnormalities at rest, which wors- | 


ened in 2 during atropine administration and remained 
unchanged in 2. In the other 45 ‘patients with normal 
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wall motion at rest, 2 had new wall motion abnormali- 
ties after dobutamine alone and 18 when atropine was 
added. In group B, 12 had wall motion abnormalities at 


rest: Of them, 9 had new or worsened wall motion ab- 


normalities. In the other patients in group B, 19 had a 
normal wall motion at rest, which became abiormal 
in 6. 

- Sensitivity and. specificity of ST chianees e chest 
pain: Sensitivities of ST changes and chest pain induced 
by dobutamine or atropine as indicators of coronary ar-. 
tery disease are also shown in Figure 1. In group A, 2 of 
31 patients (7%, 95% CI 1 to 21%) with coronary dis- 
ease had ST depression of 1 mm 80 ms after the J point. 


during dobutamine therapy alone, whereas 6 (19%, 95% 


CI 8 to 38%) had ST changes (4 depression, 2 eleva- 
tion) after the addition of atropine. In group B, 7 of 16 
patients (44%, 95% CI 20 to 70%) with coronary disease -. 
had ST changes (4 elevation) during administration of 
dobutamine. In the 6 studies that resulted in ST eleva- 
tion, this quickly resolved on termination of the stress 
test and administration of intravenous metoprolol. `. 
Three of these patients had previous infarction and 1 
had a totally blocked right coronary artery despite no. 


. FIGURE 2. Sensitivity of echocardiography 
pple centr 


ties in group A before addition of atropine. 
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FIGURE 3. Specificity of echocardiography 
(Echo), chest pain and ST depression for de- 


L] ST depression 
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history of infarction; 3 had multivessel and 3 single-ves- 
sel disease. 

Of 31 patients with coronary artery disease in group 
_ A, chest pain occurred in 3 (10%, 95% CI 2 to 26%) 
during dobutamine alone, and in 14 (45%, 95% CI 27 to 
64%) after the addition of atropine. In group B, 8 of 16 
patients (50%, 95% CI 25 to 75%) with coronary artery 
disease had chest pain during dobutamine therapy. 

Specificities of dobutamine- and atropine-induced 
ST-segment changes and chest pain for detection of cor- 
onary artery disease are shown in Figure 2. There was 
no ST depression or chest pain in the 18 patients with- 
out coronary disease in group A during dobutamine 
therapy alone, but ST depression occurred in 5 patients 
(specificity 72%, 95% CI 47 to 90%) and chest pain in 4 
(specificity 78%, 95% CI 52 to 94%) after the addition 
of atropine. In group B, 4 of the 15 patients without 
coronary disease developed ST depression during dobu- 
tamine therapy (specificity 73%, 95% CI 45 to 92%), 
and 5 experienced chest pain (specificity 67%, 95% CI 
. 38 to 88%). 

Wall motion score indexes: There was no change in 
mean wall motion score index between rest and peak 
dobutamine (1.04 + 0.13 compared with 1.06 + 0.14, p 
= 0.21) in patients with coronary artery disease from 
group A, but there was a significant increase in mean 
wall motion score index between peak dobutamine and 
peak atropine (1.06 + 0.14 to 1.17 + 0.15), p <0.0001. 
Mean wall motion score index for patients with coro- 
nary artery disease in group B increased from 1.29 + 
0.42 at baseline to 1.52 + 0.43 after dobutamine, p 
<0.0001. There was no change in wall motion score in- 
dex for patients without coronary disease in either 
group A or group B. 

Complications: There were no serious complications 
related to either dobutamine or atropine. One or more 
minor side effects occurred at peak stress in 15 patients 
from group A (31%) and 13 patients (42%) from group 
' B (Table V); 11 patients (23%) from group A and 12 
(39%) from group B required intravenous metoprolol 
after peak stress, usually for relief of chest pain that did 
not settle quickly and spontaneously. There was no sig- 
nificant difference between groups in the incidence of 
adverse effects or requirement for metoprolol (Ta- 
ble V). 


DISCUSSION 

Study rationale: Patients undergoing noninvasive 
cardiac investigations at our institution are often receiv- 
ing 6 antagonists*® for suspected angina; after infarc- 
tion or for hypertension, and withdrawal of medication 
may be impractical or even potentially hazardous. Do- 
butamine has -stimulant properties’ that result mainly 
in increased inotropic and, to a lesser extent, increased 
chronotropic effects that are reduced in patients using 8 
blockers. We postulated that this may limit the sensitiv- 
ity of dobutamine stress testing for detection of coro- 
nary artery disease in these patients. Our suspicions 
were supported by data from other centers that showed 
a high incidence of electrocardiographic changes!®!! 
during dobutamine infusion in patients with coronary 
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disease who were not taking 6 antagonists, and by re- 
cent data that indicate that antianginal therapy includ- 
ing 6 blockade limits the sensitivity of dipyridamole 
echocardiography. '!2 

The negative chronotropic effect of § antagonists 
can be overcome by atrial pacing, which is an alterna- 
tive nonexercise stress; however, even by the esophageal 
route!} this requires adequate patient cooperation and 
suitable pacing electrodes and has no effect on inotropic 
action. Therefore, to retain the inotropic effect of dobu- 
tamine, but to overcome the lack of chronotropic effect 
seen especially in patients receiving 8 antagonists, we 
combined dobutamine stress echocardiography with at- 
ropine to increase heart rate! in patients with negative 
stress echocardiography who did not achieve 85% pre- 
dicted maximal exercise-induced heart rate with dobu- 
tamine alone. We compared the results of this combined 
stress test with those seen in the same patients after do- 
butamine alone, and with the outcome of stress echocar- 
diography in consecutive patients undergoing dobuta- 
mine stress testing without the requirement for atropine, 
during the same time period as those who received atro- 
pine. 

Stress echocardiography: sensitivity, specificity, 
and wall motion score index: In accordance with the 
protocol, no patient with a positive echocardiogram dur- 
ing dobutamine therapy alone should have received at- 
ropine. However off-line review revealed minor new 
wall motion abnormalities that had not been detected 
on-line before the addition of atropine to 2 patients 
from group A. The sensitivity for detecting coronary le- 
sions with >50% diameter stenosis was 65% for patients 
in group A and 81% for those in group B, resulting in an 
overall sensitivity of 70%, with very similar CIs for 
groups A and B; this similar sensitivity was achieved 
despite a tendency toward more multivessel disease in 
group B, a factor which we have previously shown to 
increase positivity of dobutamine stress echocardiogra- 
phy.* Had these patients been studied using our former 
protocol, stopping after 15 minutes of dobutamine infu- 
sion regardless of heart rate, 15 of the 47 patients with 
coronary disease would have had a positive echocardio- 
gram, resulting in a significantly lower sensitivity of 
32%, 95% CI 19 to 47%. 

The overall sensitivity for detection of coronary dis- 
ease of 70% with a 95% CI of 55 to 83% is slightly 
lower but comparable to that reported for tomographic 
thallium scintigraphy after exercise*> or pharmacologic 
stress with adenosine> or dipyridamole!*; however, our 
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study of patients with predominantly l-vessel disease 


cannot be directly compared with other studies in which ` 


a greater proportion of patients had multivessel disease. 
In addition, stress echocardiography has the advantage 
of requiring only readily available equipment compared 


with that required for perfusion scintigraphy, and 


avoids the exposure to a radioisotope. 

In this study we did not use the side-by-side analysis 
of rest- and stress-digitized image. However, it is unlike- 
ly that this could explain the relatively low sensitivity of 
the test, as we have recently reported. 

The increased sensitivity as a result of adding atro- 
pine was associated with only a small reduction in speci- 
ficity; after dobutamine alone 31 of the 33 patients 
without coronary disease had a negative echocardio- 
graphic response (specificity 94%, 95%. CI 80 to 99%) 
compared with 29 of 33 (specificity 88%, 95% CI 72 to 
97%) after the addition of atropine. 

_ The effect of atropine in increasing diagnostic yield 


is also reflected by the changes in wall motion score 


index seen in group A: For patients with coronary ar- 
tery disease in group A there was no significant increase 
in wall motion score index after dobutamine alone, but 
a significant increase after the addition of atropine. 
However in accordance with the lack of effect of atro- 
pine on specificity, wall motion score index did not in- 
crease after the administration of atropine in patients 
without coronary disease. Similarly, in group B, there 
was an increase in wall motion score index at peak 
stress in patients with coronary disease, but no increase 
in those without coronary disease. 

Safety of the combined stress test: There were no 
severe side effects at peak dobutamine or atropine infu- 
sion, and no difference between the incidence of side 
effects between groups A and B. In particular, the re- 
quirement for metoprolol was the same between the 2 
groups. This was usually given for chest pain that did 
not resolve within 5 minutes of stopping dobutamine. In 
patients who developed ST elevation, metoprolol was 
immediately given and resulted in rapid. resolution of 
ST elevation and chest pain in all cases. Although there 
were no severe arrhythmias (2 patients had 3 beats of 
ventricular tachycardia at peak stress, and 1 patient de- 
veloped nodal rhythm with maintainance of normal 
blood pressure), the test should only be performed with 
attention to electrocardiographic monitoring, 12-lead 
ST-segment assessment and blood pressure recording, 
and with resuscitation facilities available. 

Relation to other studies: Recent studies of dobuta- 
mine echocardiography have reported sensitivities of 86 
to 89% for detection of coronary disease.!5!? These sen- 
sitivities are outside the 95% contidence limits for sensi- 
tivity in our study, but there are several important dif- 
ferences between these studies and ours. Cohen et al!® 
reported an overall sensitivity of 36%, but their patients 
were studied without 6 blockade, and 16 of 51 patients 
with significant coronary disease had 1-vessel disease, 
for whom sensitivity was 69%, whereas sensitivity for 
patients with multivessel disease was 94% (33 of 35 pa: 


TO 


tients). Sawada et al!” reported a sensitivity of 89%, but 
only a small amount of patients were taking £ blockers 
and only patients with normal resting echocardiograms 
were considered in this analysis. Our overall sensitivity 
of 70% and the sensitivity of 93% for multivessel disease 
is comparable with the sensitivity of other imaging tech- 
niques including tomographic thallium imaging after 
exercise*!8 or pharmacologic stress with adenosine? or 
dipyridamole. !? 
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Initial Management and Long-Term Clinical 
~ Outcome of Restenosis After Initially 
Successful Percutaneous Transiuminal 
_ Coronary Angioplasty a 
William S: Weintraub, MD, Ziyad M. B. Ghazzal, MD,.John S. Douglas Jr., MD, 


Henry Liberman, MD, Douglas C. Morris, MD; Caryn L. Cohen; RN, MN, 
and spencer B. King Ill, MD | 


Restenosis remains a critical limitation after per- 
cutaneous transluminal coronary angioplasty - 
(PTCA). The clinical experience with restenosis 
was reviewed in 1,490 patients who had resteno- 
. sis of at least 1 site within 1 year of their PTCA. 
The source of data was the clinical database at 
Emory University. Patients who had previous cor- 
onary bypass surgery or PTCA and patients who 
underwent PTCA in the setting of acute myocardi- 
al infarction were excluded. When restenosis was 
angiographically documented, 363 were treated 
medically, 1,051 with repeat PTCA, and 76 with 
coronary bypass surgery. In the repeat PTCA 
group there were 778 patients who originally had 
1-vessel disease and 273 with multiple vessel dis- 
_ ease. Re-dilatation of restenotic sites was per- 
formed in 95%. Angiographic success of all le- 
sions dilated was achieved in 99%. Coronary by- 
pass surgery was required in 2.5% of patients 
with restenosis first treated with repeat PTCA. 
One patient with multiple vessel disease died. Cor- 
- onary bypass surgery was performed in fewer pa- 
' tients aged >65 years, but more patients with 
multiple vessel disease. Two (2.6%) of the coro- - 
nary bypass surgery patients had Q-wave myocar- 
dial infarction and there were no deaths. In the 
PTCA group, 5-year actuarial survival was 95%, 
and cardiac survival 96%. Freedom from cardiac 
events.or further revascularization procedures 
was 51% at 5 years. Patients treated with PTCA | 
and medically treated patients had similar cardiac 
survival rates. The most important correlates of 
cardiac survival were.age and the presence of dia- 
betes mellitus. At 5 years, cardiac survival with- 
out diabetes was 97 and 83% with diabetes (p 
<0. 0001). Selection of the appropriate form of | 
therapy for restenosis cannot be easily determined 
from grouped data, but rather requires patient by 
patient selection. In patients with restenosis, with 
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. careful selection of therapy, excellent results may 
‘be obtained with low initial morbidity and mortali- 


ty and high long-term survival. 
(Am J Cardiol 1992;70:47-55) 


coronary angioplasty (PTCA) in 1977, much has 
been learned about the procedure including the 
primary success rate, the dangers of acute complications 
of myocardial infarction, the need for emergent coro- 
nary: bypass surgery and death.'-> The frequency of 


S ince the introduction of percutaneous. transluminal 


restenosis, and to some extent risk factors for restenosis, 


have been defined.” There are also data regarding the 
re-dilation of stenotic lesions.8-!2 However, little is 
known about the impact of restenosis on subsequent 
medical care and long-term prognosis. This study sur- 
veys the treatment strategies and the long-term course 
of patients with restenosis. 


METHODS 

Patient population: From June 1980 through De- 
cember 1988, 7,561 patients without prior PTCA or 
coronary bypass surgery underwent elective PTCA per- 
formed at Emory University or Crawford W. Long 
Hospitals. Included in this analysis were patients who 


‘had the procedure performed electively for stable or un- 


stable angina pectoris or after several days of stabili- 
zation after acute myocardial infarction. Those who un- 
derwent the procedure acutely in the-setting of a myo- 
cardial infarction or after cardiopulmonary resuscita- 
tion for cardiac arrest were excluded. Of the-total, 6,925 
patients had an angiographically successful procedure 
and did not have complications of a Q-wave myocardial 


. infarction, the need for in-hospital coronary bypass sur- 


gery or death. Patients returned for restudy after PTCA 
either to determine whether restenosis has occurred, or 
because of recurrent symptoms. From this population of 
initially successful patients, 3,056 patients had an angio- 
graphic restudy (44%). Of this group,.1,490 patients 
were found to have restenosis of at least 1 of their dilat- 
ed lesions and form the population for this study. 
Definitions: ONE-VESSEL DISEASE: 250% diameter lu- 
minal narrowing in either the left anterior descending, 
left circumflex, or right coronary or a major branch. or 
branches. 
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Total 
n (%) 


Patients 1,490 
Time from original PTCA (days) 153 + 73 
<60 days from PTCA 125 (8.4) 
Age (years) 57+ 10 
> 65 years 299 (20) 
Male gender ,172 (79) 
Prior myocardial infarction £52 (31) 
Systemic hypertension 641 (43) 
Diabetes melitus 185 (12) 
Asymptomatic at restudy 129 (12) 
Grade I—l] angina at restudy 431 (40) 
Grade Ill-lV angina at restudy 524 (48) 
(n = 1,084) 


Total 
n{%) 


414 (28) 
£9+11 
138 (15) 
(n = 911) 
104 (7.0) 
936 (63) 
395 (26) 
75 2.15 
2535+11 
6.8 +44 

€7 (4.7) 


Originally multiple vessel disease 
Original ejecticn fraction 
Ejection fraction <50% 


Total occusion dilatation 


Left anterior descending dilatation 
Originally multiple site dilatation 
Diameter stenosis pre-PTCA 
Diameter stenosis post-PTCA 
Lesion length (mm) 

Lesion length > 15.0 mm 


Medical 
Therapy 
n (%) 


363 
182 + 70 
16 (4,4) 
57 + 10 
87 (24) 
268 (74) 
140 (39) 
145 (39) 
39 (11) 
36 (27) 
43 (32) 
55 (41) 
(n = 134) 


Medical 
Therapy 
n (%) 


110 (30) 
57 +12 
43 (21) 


{n = 201) 
35 (9.6) 


204 (56) 
122 (34) 
75414 
25% 11 


7.0 + 4.6 
22 (6.3) 


Repeat 
PTCA 
n (%) 


1,051 
143 +7] 
102 (9.7) 

57 + 10 
202 (19) 
841 (80) 
289 (28) 
465 (44) 
135 (13) 

92 (10) 
360 (40) 
441 (49) 


(n = 893) 


NS = nct significant; PTCA = percutaneous transluminal coronary angioplasty. 
TABLE Il Original Angiographic and Procedural Characteristics by Mode of Therapy 


Repeat 
PTCA 
n(%) 


273 (26) 
60 + 11 
90 (14) 


{n = 657) 
62 (5.9) 


680 (65) 
245 (23) 
75414 
25+ 10 


6.6 + 4.2 
39 (3.9) 


TABLE I Clinical Characteristics by Mode of Therapy 


Coronary 
Surgery 
n (%) 


76 


142 + 79 


7 (9,2) 
57 + 8 
10 (13) 
63 (83) 
23 (31) 
31 (41) 
11 (14) 

1 (1.8) 
28 (49) 
28 (49) 
tn = 57) 


Coronary 
Surgery 
n(%) 


31 (41) 
61 211 

5 (9.4) 
{n = 53) 

7 (9.2) 
52 (68) 
28 (37) 
762% 15 
26+ 11 


7.3254 


6 (8.2) 


p Value 


<0,0001 





0.0097 
0.0009 


0.06 


Abbreviations as n Tabie 1. 


MULTIPLE VESSEL DISEASE: the presence of 250% di- 
ameter luminal narrowing in >1 of these major epicar- 
dial vessel systems. 

ANGIOGRAPHICALLY SUCCESSFUL PTCA: all lesions at- 
tempted improved 220% diameter stenosis and were di- 
lated to <50% residual diameter stenosis. 

CLINICALLY SUCCESSFUL PTCA: angiographically suc- 
cessful PTCA without the complications of Q wave 
myocardial infarction, coronary bypass surgery or 
death. 

RESTENOSIS: recurrent diameter narrowing of 250% 
of any site dilated. 

Data collection: Baseline and restudy demographic, 
clinical, angiographic and procedural data including 
complications were recorded prospectively by physicians 
on standardized forms and entered into a computerized 
data base. The pre-PTCA, post-PTCA and restudy an- 
giograms were measured with validated digital electron- 
ic calipers (Sandhill Scientific Inc., Littleton, Colorado 
after 1983, with a prototype 1981 to 1983)}3 or by hand 
tracing (1980 to 1981) by experienced angiographers 
other than the primary operator. The narrowing of each 
coronary artery lesion was expressed as the percent di- 
ameter narrowing of the abnormal segment compared 
with the normal adjacent arterial regions. The diameter 
stenosis recorded was the mean value determined in 2 
near orthogonal views. 


Percutaneous transluminal coronary angioplasty 
technique and angiographic restudy: All PTCA proce- 
dures were performed using standard techniques which 
have previously been described.'4 Restudy angiography 
after PTCA was performed under the guidance of the 
primary PTCA operator. While the entire coronary tree 
was visualized, special attention was directed at the 
original dilatation sites. Assessment of the severity of 
obstruction of these sites was specifically addressed and 
recorded. . 

Patient follow-up: Follow-up information was ob- 
tained by telephone interviews of the patients, referring 
physicians or medical records. All follow-up contacts 
are performed by trained personnel. Follow-up informa- 
tion included occurrence of myocardial infarction since 
the initial PTCA, subsequent need for an additional re- 
vascularization procedure (PTCA or coronary bypass 
surgery) or death (cardiac or noncardiac). All follow-up 
information was recorded on standardized forms and 
entered into the computerized data base. In addition, all 
events noted on forms entered into the database from 
hospitalizations after the restudy angiogram were in- 
cluded. Follow-up after the angiographic restudy was 
99% complete. The accuracy of these methods of follow- 
up for death have been verified against the state of 
Georgia death tapes. Additional revascularization pro- 
cedures are likely to be similarly complete because the 
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Restudy multiple vessel disease - 













Total 
n (%) 


408 (28) 


(n = 1,437) 
Restudy ejection fraction 60 + 11 

(n = 821) 
Diameter stenosis at restudy 74+ 19 

(most severe site) 

> 1 site totally occluded 138 (9.3) 
All sites <60% occluded 316 (21) 
Left anterior descending restenosis 911 (61) 
Circumflex restenosis 236 (16) 
Right coronary artery restenosis 392 (16) 
Multiple sites restenotic 173 (12) 


spain 


TABLE 41] Angiographic and Dilatation Site Characteristics at Restudy 





Medical Repeat Coronary 
Therapy PTCA Surgery 
n (%) n(%) n(%) p Value 











106 (34) 262 (25) 40 (55) «0.0001 

(n = 313) (n= 1,051) (n= 73) 

59+ 12. 61+ 10 59+11 NS 

(n = 222) (n= 544) (n = 55) 

72 + 19 7413 80 +14 <0.0001 
75 (21) 50 (4.8) 13(17) <0,0001 

151 (42) 159 (15) 6(7.9) <Q0,0001 

189 (52) 672 (64) 50 (66) 0.0002 
58 (16) 164 (16) 14 (18) NS 

123 (34) 250 (24) 19 (25) 0.0008 
43 (12) 111 (10) 19 (25) 


Abbreviations as in Table I. 






events are recorded in the data base as they occur. 
Myocardial infarctions occurring after the patient is dis- 
charged will always be more uncertain, with potential 
for both under- and over-reporting. 

Statistical analyses: Differences in categoric vari- 
ables were analyzed by chi-square and differences in 
continuous variables were analyzed by Student’s ¢ tests 
or l-way analysis of variance where appropriate. The 
patients were divided by the treatment received at the 
time of restudy: medical therapy, repeat PTCA or coro- 
nary bypass surgery. The clinical, angiographic and pro- 
cedural characteristics of each group were determined. 
Correlates of a second episode of restenosis were deter- 
mined by stepwise logistic regression analysis. Overall 
survival and event-free survival were determined by the 
Kaplan-Meier method!> and probability was expressed 
as the mean + standard error of the estimate. Overall 
survival and event-free survival were determined for the 
total population, as well as the subgroups. End points 
analyzed included: (1) cardiac survival; (2) freedom 
from cardiac death or myocardial infarction; (3) free- 
dom from cardiac death, myocardial infarction or coro- 
nary bypass surgery; and (4) freedom from cardiac 
death, myocardial infarction, coronary bypass surgery 
or repeat PTCA. Comparisons of total and event-free 
survival were made using the Mantel-Cox method.!® 
Correlates of late events were determined by the Cox 
proportional hazards model.!” For Cox model analyses, 
continuous covariates were not broken into groups. All 
statistical analyses were performed with BMDP statisti- 
cal software (Los Angeles, California). 


RESULTS | 

This study concerns 1,490 patients who underwent 
successful, uncomplicated PTCA, followed by restenosis 
of at least 1 site on angiographic restudy. Clinical char- 
acteristics, grouped by the treatment method selected 
after restenosis was documented, are presented in Table 
I. These 1,490 patients were treated as follows: 363 
(24%) were treated medically, without initial repeat re- 
vascularization by PTCA or coronary bypass surgery, 
1,051 (70%) underwent repeat PTCA, and only 76 
(5.1%) had coronary bypass surgery without an at- 
tempted repeat PTCA. The patients selected for medi- 


cal therapy were those in whom repeat PTCA or coro- 
nary bypass surgery was considered unnecessary. The 
time from initial PTCA to restudy was slightly longer in 
the medically treated patients. There was no difference 
in mean age, although the percentage of patients aged 
265 years was highest in the medically treated patients, 
lower in the PTCA patients, and lowest in the coronary 
bypass surgery patients. There were more women in the 
medically treated than PTCA or coronary bypass sur- 
gery groups. There was no significant difference in the 
incidence of diabetes. Asymptomatic status was most 
often noted in the medically treated patients and was 
rare in the patients sent to coronary bypass surgery. 
Class HI to IV angina was noted in 48% of patients at 
restudy, compared with 60% before the original PTCA. 
Angiographic and procedural characteristics from 
the original procedure are presented for the 3 treatment 
arms in Table II. Multiple vessel disease was noted 
most often in the coronary bypass surgery patients 
(41%) and least often in the PTCA patients (26%). The 
ejection fraction was slightly lower and a larger propor- 
tion had ejection fractions <50 in the medically treated 
patients. Patients who originally had total occlusion di- 
lations were somewhat less likely to have repeat dilata- 
tions. Medically treated patients were least likely to 
have had left anterior descending coronary artery dila- 
tations. Multiple site dilatations were least common in 
the group that subsequently underwent repeat PTCA. 
The lesion severity and length varied little between the 
subsequent treatment groups. The data presented are 
for the first site dilated during a hospitalization. The 
data for subsequently dilated sites are similar. . 
The angiographic and dilatation site characteristics 
at restudy are displayed in Table IH. Patients undergo- 
ing coronary bypass surgery were most likely to have 
multiple vessel disease, although only 10% of patients 
with multiple vessel disease underwent coronary bypass 
surgery. The ejection fraction did not vary between 
groups. The most severely obstructed site averaged 74 + 
19% stenosis. The mean obstruction was lowest in the 
medically treated patients, mid often in the PTCA pa- 
tients, and highest in the coronary bypass surgery 
group. Totally occluded sites were less common in the 
PTCA group, but were more common in the groups 


FOLLOW-UP OF RESTENOSIS 49 


RST TTI AERAN AAAA RR IEEE ORBEA SOAR SANAAA SUP AUALAAAIUMUARNAIA aa s 


TABLE IV Results of Repeat PTCA After Documented Restenosis 


1-Vessel Multiple 
Disease Vessal Disease 
n(%) 1{(%) p Value 


Patients 1,051 789 262 

Redilations of stenotic sites 1,000 (95) 761 (96) 239 (91) 0.0006 
Multiple site dilatation 178 (17) 91 (12) 87 (33) <0.0001 
Left anterior descending dilatation 667 (64) 530 (67) 137 (52) <0.0001 


Diameter stenosis pre-PTCA 72+13 71+13 73+13 0.02 
Diameter stenosis post-PTCA 27+ 15 26+14 29+17 0.036 


Angiographic success 1,036 (99) 780 (98) 256 (98) 0.066 
Q-wave myocardial infarction 8 (0.8) 3 (0.4) —  § (1.9) 0.014 
Coronary surgery 26 (2.5) 15 (1.9) 11 (4.2) 0.038 
Death 1 (0.1) 6 (0) . 1 (0.4) 0.08 
Clinical success 1,008 (96) 764 (97) 244 (93) 0.0089 
Angiographic rerestudy 422 307 115 

after repeat PTCA 
Restenosis present 213 (51) 149 (48) 64 (55) NS 
Most severe stenosis at rerestudy 51 27 49 + 27 54 + 27 0.080 


Abbreviations as in Table I. 





TABLE V Correlates of Second Restenosis 


Univariate Multivariate 
Relative Risk p Value p Value Coefficient 





No Restenosis Restenosis 


Pre-PTCA diameter stenosis <70% 96 (62) 59 (38) 1 <0.0001 <0.0001 0.0340 
Pre-PTCA diameter stenosis 70-99% 113 (45) 140 (55) 1.45 
























Pre-PTCA diameter stenosis 100% 2 (22) 7 (78) 2.04 

First PTCA to restudy < 150 days 110 (45) 136 (55) 1.76 <0.0001 <0.0001 0.00791 
First PTCA to restudy = 150 days 102 (68) 47 (32) 1 

Diabetes mellitus absent 198 (54) 172 (46) 1 0.0008 0.004 —0.502 
Diabetes mellitus present 14 (29) 34 (71) 1.52 

Post-PTCA diameter stenosis <30 141 (56) 111 (44) 1 0.056 NS 






Post-PTCA diameter stenosis = 30 69 (44) 89 (56) 1.28 













treated with medical therapy or coronary bypass sur- 
gery. Patients with milder restenosis (all sites <60% oc- 
cluded) tended to be treated medically. The percentage 
of patients with all sites <60% occluded was 42% for 
the medically treated but just 7.9% in the coronary by- 
pass surgery group. Patients who had coronary bypass 
surgery had a higher percentage of multiple restenotic 
sites; in these patients, 2 (3.3%) had Q-wave myocardial 
infarctions and none died in the hospital. 

The results of repeat PTCA are presented in detail 
in Table IV. The patients are classified into those with 
1- and multiple vessel disease on the restudy angiogram. 
Of the 1,051 patients undergoing repeat PTCA, 789 
(75%) had 1-vessel disease and 262 (25%) had multiple 
vessel disease. The overwhelming majority (95%) had 
repeat dilation of at least 1 restenotic site, with the re- 
mainder having PTCA at new sites. Multiple vessel di- 
latations were relatively infrequent, although performed 
more often in the patients with multiple vessel disease. 
The left anterior descending artery was dilated more of- 
ten in patients with l-vessel disease. The PTCA angio- 
graphic results refer to the repeat PTCA. Angiographic 
success was achieved in the overwhelming majority of 


Age <65 years 183 (53) 164 (47) 1 0.067 NS 
Age > 65 years 29 (41) 42 (59) 1.25 


Constant 1.15 


Abbreviations as in Tabie | 









cases (99%). One patient in the multiple vessel group 
died. Coronary bypass surgery and the incidence of a Q- 
wave infarction were noted more frequently in patients 
with multiple vessel disease. Clinical success was 
achieved in 96%, and was higher in those with 1-vessel 
disease. Clinical success was achieved in 965 of the 
1,000 patients having repeat dilatations (96%). Of these 
965, 422 (44%) had a second restudy coronary arterio- 
grams after repeat PTCA. Approximately half the pa- 
tients had restenosis at at least 1 site undergoing repeat 
dilatation, although the low restudy rate limits the abili- 
ty to determine the rate of a second episode of reste- 
nosis. 

The correlates of a second episode of restenosis are 
presented in Table V. The univariate and multivariate 
correlates of a second episode of restenosis are the di- 
ameter stenosis before the second PTCA, with more se- 
vere stenoses and total occlusions more likely to reste- 
nose again, a shorter period of time from the first 
PTCA to restenosis, and the presence of diabetes melli- 
tus. This model may be influenced somewhat by the re- 
study rate of 44%. Multivariate analysis was used to 
create nomograms to predict the probability of a second 
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episode of restenosis. Figure 1 (top) shows patients 
without diabetes and Figure 1 (bottom) patients with 
diabetes. Curves are presented for diameter stenoses of 
50 to 100% at the time of the second PTCA. These 
curves permit the assessment of restenosis risk from 
variables that are continuous. As the time from first 
PTCA to restenosis increases, the risk of recurrent re- 
stenosis decreases. Similarly, as the severity of the res- 
tenotic lesions decreases, the risk of recurrent restenosis 
decreases. The risk of recurrent restenosis is also higher 
in diabetic patients. 

Long-term prognosis after a diagnosis of restenosis is 
described in the following figures and tables. In Figure 
2 the overall prognosis is displayed. The 4 curves are 
cardiac survival, myocardial infarction free survival, 
freedom from death, myocardial infarction, corcnary 
bypass surgery or PTCA. The overall actuarial survival 
at 5 years was 95%, quite close to the cardiac survival of 
96%. As most of the patients had repeat dilatations, the 
event-free survival decreases.to a very low level quite 
rapidly. However, the cardiac survival is high. In Figure 
3 similar curves are displayed for the medically treated 
patients. Many of these patients had events, and the 


need for revascularization continued during the follow- 
up period. Cardiac survival, myocardial infarction-free 
survival, and freedom from death, myocardial infarction 
or coronary bypass surgery in the PTCA group are dis- 
played in Figure 4. PTCA in this figure refers to a third 
PTCA after discharge after the second PTCA. Al- 
though cardiac survival is high, continuing events do oc- 
cur in these patients. Note that revascularization proce- 
dures after the second PICA occurred largely within 
the first year, consistent with a second episode of reste- 
nosis. The population undergoing coronary bypass sur- 
gery for restenosis was small. At 5 years there were no 
late deaths (10 patients followed over 5 years), and 93% 
freedom from myocardial infarction or death in the 
population treated with coronary bypass surgery. 
From the variables in Tables I to HI, the correlates 
of cardiac death are displayed in Table VI. The pa- 
tient’s age and the presence of diabetes were the pri- 
mary correlates of survival. Five-year survival was 99.4 
+ 0.4%, age <50 years; 96 + 1%, age 50 to 59 years; 95 
+ 2%, age 60 to 69 years; and 83 + 6%, age 270 years. 
Five-year survival was 97 + 1 without and 86 + 5% 
with diabetes. Perhaps surprisingly, patients also had 


Probability of Recurrent Restenosis 


FIGURE 1. Top, probability of a second 
episode of restenosis in nondiabetic pa- 
tients. The abscissa is the time from first 


Bottom, probahility of a second episode of 
restenosis in diabetic patients. The curves 
are oriented as described. 


2 3 4 5 6 7 8 9g 
Months From First PTCA to Restenosis 


a} 100% Pre-PTCA.DS 
b) 90% Pre-PTCA DS 
c) 80% Pre-PTCA DS 
d} 70% Pre-PTCA DS 
e) 60% Pre-PTCA DS 
f) 60% Pre-PTCA DS 


10 11 


A Probability of Recurrent Restenosis 


a) 100% Pre-PTGA DS 
b) 90% Pre-PTCA DS 
c) 80% Pre-PTCA DS 
d) 70% Pre-PTCA DS 
a) B0% Pre-PTCA DS 
f) 50% Pre-PTCA DS 


Diabetes Present 


12345 67 8 83 0 1 12 
Months From First PTCA to Restenosis 
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fas oa “Het p seecatans 


FIGURE 2. Five-year free- 
dom from (FF) events in 
1,472 patients who had elec- 
tive percutaneous transtu- 
minal coronary angioplasty 
(PTCA) and restenosis at >1 
site. The 4 curves represent 
cardiac survival, freedom 
from death or myocardial in- 
farction (MI), freedom from 
death, Mi or coronary artery 
bypass grafting (CABG), and 
freedom from death, MI, 
CABG or PTCA. 


FIGURE 3. Five-year free- 
dom from (FF) events in 358 
patients who had elective 
percutaneous transluminal 
coronary angioplasty (PTCA) 
and restenosis at =1 site, 
and were treated medically 
initially when restenosis was 
diagnosed. The 4 curves rep- 
resent cardiac survival, free- 
dom from death or myocardi- 
al infarction (MI), freedom 
from death, MI or coronary 
artery bypass grafting 
(CABG), and freedom from 
death, MI, CABG or PTCA. 


mean follow-up of 35 + 22 months, anginal status was 
available on 1,346 patients. Of 323 medically treated 
patients, 223 (69%) were angina free. Of 952 patients 
treated with repeat PTCA, 642 (67%) were angina free. 
Of 71 patients treated with coronary bypass surgery, 56 
(79%) were angina free (difference not significant com- 
pared with PTCA or medically treated patients). 


slightly higher survival if the left anterior descending 
artery was dilated. The original number of vessels dis- 
eased, hypertension, and female gender were univariate 
correlates only. The ejection fraction did not correlate 
with survival, perhaps because most of the patients had 
normal or near-normal left ventricular function. The 
presence of angina at follow-up was also evaluated. At a 


TABLE Vi Correlates of Cardiac Death During Follow-Up 


Age (years) 
<50 
50-59 
60-69 
>70 
Diabetes mellitus 
Absent 
Present 
Left anterior descending dilatation 
Not performed 
Performed 
Pre-PTCA vessels diseased 
1 vessel 
Multiple vessels 
Hypertension 
Absent 
Present 
Gender 
Women 
Men 


Univariate Correlates 


No. of Pts. 5-Year Survival 


0.994 + 0.004 
0.96 + 0.01 
0.95 + 0.02 
0.83 + 0.06 


0.97 + 0.01 
0.86 + 0.05 


0.92 + 0.02 
0.97 + 0.01 


0.96 + 0.01 
0.94 + 0.02 


0.97 + 0.01 
0.94 + 0.02 


0.94 + 0.02 
0.96 + 0.01 


Chi-Square 


Multivariate Correlates 


p Value Chi-Square p Value 


<0.0001 25 <0.001 


<0,0001 0.002 


0.025 0.015 
0.070 


0,018 


0.014 


Coefficient 


0.084 


1.20 


~0.685 





r 
Abbreviations as in Table i. 
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DISCUSSION 

In this study the clinical outcome after angiographi- 
cally documented restenosis is presented for a large pop- 
ulation of patients. The majority were treated with re- 
peat PTCA, with largely gratifying results. Whereas the 
ability to generalize the risks of a second episode of re- 
stenosis to other populations is somewhat limited by the 
restudy rate of 44%, the long-term results may be seen 
as somewhat reassuring as the 5-year survival was 0.95, 
and the myocardial infarction free survival was 0.86. 
However, additional procedures were frequently re- 
quired. Older age and diabetes mellitus were the stron- 
gest correlates of late death. The other multivariate cor- 
relate, absence of a left anterior descending coronary 
artery dilatation, is surprising and without a clear expla- 
nation. 

The results of repeat PTCA have been studied previ- 
ously. The first report was by Williams et al? from the 
first National Heart, Lung, and Blood Institute PTCA 
registry. Of 1,880 patients in the registry with a success- 
ful initial procedure, repeat PTCA was performed in 
203 for restenosis. There was a 1.5% myocardial infarc- 
tion rate, 2% emergency coronary bypass surgery rate 
and no acute deaths. There was 0.8% mortality over sev- 
eral years, and 76% were event free. Angiographic fol- 
low-up was available in 62 patients with sustained suc- 
cess in 66%. Meier et alè reported on repeat PTCA in 
95 of 514 patients who were initially treated successful- 
ly. The angiographic success rate was 95% with 8% 
complications. Repeat restenosis was noted in 26% of 92 
patients with angiographic follow-up. Sugrue et al!° re- 
ported on repeat PTCA for symptomatic restenosis in 
74 of 694 original PTCAs. Success was achieved in 74% 
using a demanding 240% reduction in percent diameter 
narrowing. Acute occlusion occurred in 7%, and 12% 
required emergency coronary bypass surgery. At 113 
weeks, 60% were asymptomatic. Recent reports have fo- 
cused on a second restenosis. Black et al!! studied 151 
patients with angiographic follow-up out of an original 
population of 384 patients with 1-vessel disease and re- 
stenosis. The multivariate predictors of a second reste- 
nosis were an interval of <5 months to the first resteno- 
sis, male gender, lesion length of >15 mm, and >1 site 
dilated at the second PTCA. Quigley et al!* studied 117 
patients after repeat PTCA. Primary success was 
achieved in 98%, and there was 1 in hospital death. At 
follow up 218 + 160 days later, 63% were angina free 
with no late death, 2.6% having a late myocardial in- 
farction. Follow-up angiography was available in 100. 
Recurrent restenosis was noted in 32%. The correlates 
of recurrent restenosis were unstable angina, diabetes, 
hypertension and a short interval from the first to sec- 
ond PTCA. The current study adds to. the previous 
studies by the much larger sample size, inclusion of pa- 
tients with restenosis treated initially medically or with 
coronary bypass surgery, and by the long and complete 
follow-up. The correlates of recurrent restenosis were 
similar, with diabetes and a short period from first 
PTCA to first restenosis being relatively consistent cor- 
relates. That a short period from first dilatation to first 
restenosis predicts a second episode of restenosis may 


reflect a more aggressive process of myointimal prolifer- 
ation. 

In this study, we have confirmed that restenosis can 
be successfully managed with low morbidity and mor- 
tality and gratifying long-term results. The overall sur- 
vival and myocardial infarction-free survival are similar 
to series of patients after PTCA that include patients 
with and without restenosis.!8-2! This is not entirely sur- 
prising because most of the patients had normal overall 
left ventricular function and 1-vessel disease. While re- 
stenosis remains a limitation of PTCA, these patients 
can be managed with excellent long-term results. The 
selection of the appropriate form of therapy cannot be 
determined from grouped data such as presented here. 
There is a tendency to treat female patients medically, 
perhaps because of fears of poorer outcome in women. 
Clearly, there is selection toward coronary bypass sur- 
gery in patients with multiple vessel disease and away 
from coronary bypass surgery in older patients. There is 
also a tendency to treat more mildly restenosis lesions 
medically. Whereas the excellent initial results of repeat - 
PTCA may lead toward this form of therapy, recurrent 
restenosis is a concern. Thus, there are disturbingly fre- 
quent additional procedures beyond a first repeat dilata- 
tion. The therapy chosen should reflect a careful inte- 
gration of the clinical and angiographic status of each 
patient, with consideration of the potential for further 
cardiovascular events and risks of a second episode of 
restenosis. 
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Aiba of a Postoperative Exercise Test for 
_ Predicting Cardiac Events After Coronary | 
j Artery Bypass Grafting 7 


| Sinikka Vii Mayry, MD, Heikki V. Huikuri, MD, K. E. Juhani Airaksinen, MD, 
Markku J. Ikäheimo, MD, Markku K. Linnaluoto; MSc, an Juha T.: Takkunen, MD 


` The predictive value of a postoperative exercise 


test in terms of cardiac events after coronary ar- 


- tery bypass grafting (CABG) was prospectively 


studied in 231 consecutive patients. During a 5- 
year follow-up there were 28 cardiac events 
(12%), of which 15 were cardiac deaths (13 sud- 
den), and 13 were nonfatal myocardial infarctions. 
There was no difference in the rate of graft paten- 


cy between groups with and without cardiac 


events, but ejection fraction was lower in patients 
with than without events (51 + 16% vs 58 i 10%; 


: p <0.05). Duration of the exercise test was ` 


shorter, and maximal work load was lower in pa- 
tients with cardiac events (p <0.05 for both). The 
prevalence of >1 mm ST-segment depression was 
22% (symptomatic in 25%, and silent in 75%) and 
did not differ between groups with and without 
cardiac events. After adjustment for prognostic 
variables using the proportional hazards method, 
diuretic treatment (p = 0.007) and a low postoper- 


_ ative ejection fraction (p = 0.04) remained signifi- 


cant for predicting the risk of cardiac events with- 


_in'5 years of CABG, but exercise duration and - 


work load did not have any significant predictive 
value. Thus, the predictive value of a postopera- . 


` tive exercise test is limited, and signs of impaired 

- left ventricular function are of greater significance 

for the 5-year prognosis after CABG than are 
those of myocardial ischemia. | | 
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nostic information regarding patients with coro- 
nary artery disease, the role of postoperative eX- 
ercise testing and other noninvasive techniques in deter- 
mining: the prognosis after coronary artery bypass 
grafting (CABG) is not well-established.!4 Exercise 


A _ Ithough exercise testing provides valuable prog- 


testing has been primarily used to define functional ca- 


pacity to make recommendations regarding physical ac- 


tivity in the early postoperative period, whereas coro- - 
nary angiography is usually reserved for patients with _ 


recurrent angina.! This prospective, consecutive, angio- 
graphically controlled investigation determines the pre- 


dictive value of an exercise test in terms of cardiac _ 


events after CABG. 


METHODS . 
The population consisted of 231 consecutive patients 


(209 mien and 22 women, mean age +55 years) who 


underwent recatheterization and performed an exercise 
test 3 months after CABG. Patients gave informed con- 
sent for these examinations. Clinical characteristics’ of 
patients aré summarized in Table I. 

Catheterization examinations: All patients under- 


‘went left-sided cardiac catheterization and angiography 


before and 3 months after CABG. Selective coronary © 


and graft angiograms, and biplane left ventriculograms 


were obtained by the Judkins technique, and interpreted 
as described previously. The myocardium jeopardy 


score was used to quantify the myocardium at risk for 


ischemia after CABG. This score and the left ventricu- 
lar contractility penne system were also described pre- 
viously.® 

Exercise test: Patients performed symptom-limited 
bicycle exercise tests on the day before catheterization. 


_ Work load began at 30 W, and was increased in 1-min- 
ute steps. by 15 W for men and by 10 W for women.’ | 


Duration of exercise, maximal work load in the bicycle 


exercise test, and the reasons for stopping the tests were ` 


“~ 


noted. Ischemia was. defined as =1 mm horizontal or _ 


downsloping ST-segment depression measured 80 ms 


after the J point of the electrocardiogram. Digitalis . 


therapy was.stopped 2 weeks before’the exercise tests. 


Follow-up: A questionnaire was mailed to all pa- ` 


tients. If a complete answer was not received, patients, 
or their relatives or primary physician were contacted 


by telephone. A cardiac event was defined as cardiac . 


death or myocardial infarction. In cases of death, a de- 
tailed analysis of the manner of death was obtained by 
reviewing patient records and. autopsy data (if avail- 
ae and questioning witnesses about events before 
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death. Deaths were classified as cardiac or noncardiac. 
Cardiac deaths were considered sudden if they occurred 


within 1 hour of the onset of symptoms. In cases of ` 


myocardial infarction, the original documents were ana- 
lyzed. Myocardial infarction was defined as a new oc- 
currence of Q waves on an electrocardiogram, with a 
positive MB-fraction of creatine kinase being needed in 
cases of non-Q-wave infarctions. 

Statistics: The standard ¢ or Mann-Whitney test 
was used (when appropriate) to compare continuous 
data between groups. Chi-square or Fischer’s exact t 
test was used to compare proportions. The proportional 
hazards method of Cox was used to adjust for the co- 
variates of survival. 


RESULTS 

There were 28 cardiac events (12%) during 5-year 
follow-up, of which 13 (46%) were nonfatal myocardial 
infarctions. Of the 15 cardiac deaths (56%), 13 (87%) 
were sudden, and 2 patients (13%) died as a conse- 
. quence of myocardial infarction. 

Postoperative clinical and angiographic data in pa- 
tients with and without cardiac events during follow-up 
are presented in Table I. Patients with cardiac events 
more frequently used diuretics than did those without 
such events, and their cardiac size in chest x-ray was 
more often enlarged. Graft patency did not differ be- 
tween groups. Cineangiographic left ventricular wall 
motion abnormalities occurred more frequently in pa- 
tients with cardiac events and they had a lower left ven- 
tricular ejection fraction and higher left ventricular vol- 
umes. 

Exercise data: The data from the exercise tests are 
presented in Table H. Duration of exercise was shorter, 
and maximal work load was lower in patients with car- 
diac events, but there were no differences in maximal 
heart rate or systolic blood pressure between groups. 
The reason for stopping the exercise test, and the occur- 
rence of =1 mm ST-segment depression was not signifi- 
cantly different between groups. The occurrence of 
painless ST-segment depression was comparable in both 
groups (17% of all patients). The sensitivity of 21 mm 
ST-segment depression for detecting =1 ischemic myo- 
cardial segment (jeopardy score 21) was 23% and its 
specificity was 82% (overall predictive accuracy 55%). 
Figure 1 presents the life-table analysis of patients with 
and without ST-segment depression during 5-year fol- 
low-up. 

After adjustment for prognostic variables using the 
proportional hazards method, a low postoperative ejec- 
tion fraction remained significant for predicting the risk 
of cardiac events within 5 years of CABG. Exercise du- 
ration and work load did not have any predictive value 
(Table IIT). 


DISCUSSION 

There have been a number of evaluations of the 
prognosis for patients after CABG, using either clinical, 
angiographic,!.’-!2 exercise!-©!3-15 or ambulatory elec- 
trocardiographic?4 variables measured either before or 
after CABG. In agreement with the present findings, 
other investigators reported that the outcome after 


CABG is mainly determined by left ventricular func- 
tion.610%-1216 The only clinical variable that helped to 
predict future cardiac events in the present study was 
use of diuretics. This finding is in accordance with pre- 
vious studies and may be related to history of heart fail- 
ure rather than to use of diuretic drugs, per se. 

Duration of the exercise test was shorter, and maxi- 
mal work load was lower in patients with cardiac events, 
but these variables were not powerful enough to predict 
the outcome in a Cox regression model. The correlation 
of exercise duration with prognosis was variable in pre- 
vious studies, probably due to differences in patient co- 
horts,!!” but our data suggest that reduced exercise tol- 
erance may be partly related to impaired left ventricular 
function, and therefore its independent predictive power 
for future cardiac events is rather low. 

Residual ischemia after CABG was not in itself an 
adverse prognostic sign, as evidenced by the jeopardy 
score, ST-segment depression and graft patency. In 
agreement with the present findings, Dupach et al! 
found that the predictive power of the abnormal exer- 
cise electrocardiographic response for predicting cardi- 


TABLE ! Comparison of Postoperative Clinical and 
Angiographic Data Between Patients With and Without Cardiac 


Events 


Age (yr) 
Women/men 
Prior MI 
0 
1 
>2 
NYHA class 
1-2 
3—4 
Medication 
Digitalis 
Diuretic 
-blocking agent 
Calcium antagonist 
Total cholesterol (mmol/L) 
HDL cholestrol (mmol/L) 
Triglycerides (mmol/L) 
Chest x-ray 
~ Enlarged heart 
Congestion 
Angiographic data 
Graft patency 100% 
> 1 graft occluded 
Jeopardy score 


Contractility score 
<11 


>12 

Left ventriculogram 
LVEDVI (mi/m?) 
LVESVI (mi/m2) 
LVEF (%) 


Patients 


Without Events 


(n = 203) 


5547 
21/182 


100 (49%) 
78 (39%) 
25 (12%) 


173 (85%) 
30 (15%) 


109 (54%) 
43 (21%) 
170 (84%) 
36 (18%) 
7244 
Lt 0.3 
2.2 + 1.4 


86 (42%) 
34 (17%) 


106 (52%) 
97 (48%) 


100 (49%) 
81 (40%) 
18 (9%) 

4 (2%) 


182 (90%) 
21 (10%) 


78+ 39 
34+ 17 
58+ 10 


Patients 


With Events 


(n = 28). 


53 +7 
1/27 


13 (46%) 
10 (36%) 
5 (18%) 


21 (75%) 
7 (25%) 


19 (68%) 
14 (50%) 
20 (71%) 

4 (14%) 
7021.5 
0.9 + 0.2 
2.6 +2.1 


19 (68%) 
7 (25%) 


12 (43%) 
16 (57%) 


12 (43%) 

11 (39%) 
4 (14%) 
1 (4%) 


21 (75%) 
7 (25%) 


93 + 34 
50 + 34 
51+ 16 


p Value 


HDL = high-density lipoprotein; LVEDVI = left ventricular end-diastolic volume 
index; LVEF = left ventricular ejection fraction; LVESV! = left ventricular end-systolic 
volume index; MI = myocardial infarction; NS = not significant; NYHA = New York 


Heart Association. 
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TABLE Il =xercise Data Three Months After coronary Artery Bypass Grafting in Patients 
With and Without Cardiac Events 


Patients With Events 


Patients Without Death Myocardial Infarct: 
Events (n = 203) = (n = 15) (n = 13) 


Duration (min) 

Work ‘oad (X) 

HR at rest (beats/min) 

HR max (beats/min) 
Systolic BP at rest (mm Hg) 
Systolic BP max (mm Hg) 


8.5+3.4 
108 + 42 
72 + 13 
126 + 26 
135+ 18 


177 = 32, 


1222.3" 
96 + 26* 
75 + 14 
124 + 22 
139 +13 
171.4 23 


7.2 42.5 
96 + Z8 
TÆ We 
124 + 20 
142 + 20 
173 + 19 


7.2 + 2.0ł 
96 + 26 
79415 
124 + 24 
135 + 17 
168 + 28 





End point 
Angina l 52 (26%) 
Dysənea 43 (21%) 
Other 108 (53%) 
ST-segment | >21 mm 42 (21%) 
Without angina 32 (16%) ` 
With angina l 10 (5%) 


8 (29%) 3 (20%) 5 (38%) 
7 (25%) 5 (33%) 2 (15%) 
13 (46%) 7 (47%) 6 (46%) 
10 (36%) 5 (33%) 5 (38%) 
7 (25%) 4 (27%) 3 (23%) 
3 (11%) 1 (7%) 2 (15%) 


*p <0.05 between patients with and without cardiac events; tp <0.05 between patients with myocardial infarction and 


yar cardiac events. 


P = blood pressure; HR = heart rate; max = maximal; | = depression. 


ac events was low during 2-year follow-up in patients 
studied because of recurrence of symptoms. Similarly, 
McConahay et al!3 reported that ST-segment depres- 
sion during postoperative exercise testing was not asso- 
ciated with a higher risk of death or infarction. A recent 
report from the Coronary Artery Surgery Study? ran- 
domized population showed that survival 12 years after 
bypass surgery was better for patients without ischemia 
on exercise testing performed 6 months after CABG. 
Discrepancy i in these studies may be due to differences 
in follow-up time, population and experimental design. 
In addition, methodology of the exercise test (bicycle vs 
treadmill) may have influenced the results.!® In contrast 
to previous studies, the present survey was performed at 
1 center with a uniform exercise protocol on a series of 
consecutive patients who hac undergone CABG. Fur- 


= 
oo 
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~ 


Event—free survival 


ao 
lezi 


Time (months) 


FIGURE 1. Kaplan-Meier life-table analysis of patients with 
and without ST-segment depression during 5-year follow-up. 





thermore, all patients underwent postoperative angiog- 
raphy that provided the possibility to relate exercise 
data to graft patency and left ventricular function. A 
potential limitation is that the study was performed 3 
months after CABG, and therefore some early cardiac 
events were not included. 

The sensitivity of ST-segment depression in dasci 
ing the amount of the myocardium still in jeopardy was 
low, which may be due to the poor ability of ST-seg- 
ment changes to detect small ischemic areas, concurring 
with the results of McConahay et al.!3 Another study 
reported that almost 50% of a series of patients with 
exercise-induced ST depression after CABG had patent 
grafts.!° Thus, it appears obvious that ST-segment de- 
pression has a fairly low predictive accuracy concern- 
ing graft patency and jeopardized myocardium after 
CABG. Although ST-segment depression was painless — 
in 75% of our patients, the overall occurrence of asymp- 
tomatic myocardial ischemia was lower than that de- 
tected by ambulatory electrocardiographic examina- 
tions after CABG, in which it-persisted in 20 to 30% of 
patients during follow-up of 1 to 12 months.3~+ Egstrup* 
reported that CABG reduced the occurrence of painless 
ischemia, but its presence was still a powerful indepen- 
dent predictor of cardiac events during the following 9. 


TABLE III Cox Regression Analysis and Proportional Hazard 
Functions 


5-Year Standard Error 
Covariate Coefficients of Coefficients p Value 



















Clinical 


Diuretic usage 0.82 : 

Cardiac size 0.55 0.31 š 0.07 
Angiographic , 

Postoperative EF 0.02 0.01 0.04 
Exercise 

Duration (min) 0.07 0.07 0.3 

Work load (W) 6.00 0.005 0.96 





EF = ejection fraction. is 
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months. However, Kennedy et al? found no association 
between asymptomatic ischemia and adverse clinical 
events, concurring with our results. 
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Comparison of Patient-Reported Outcomes After 
Elective Coronary Artery Bypass Grafting in 
Patients Aged > and <65 Years 


Edward Guadagnoli PhD, John Z. Ayanian, ‘MD, MPP, and Paul D. Cleary, PhD 


Older patients. represent a a growing rosaa of 
patients undergoing coronary artery bypass graft- 
ing (CABG). Although functional benefits after 
CABG have been demonstrated, most assessments 
of outcomes have involved patients aged <65 
years. Therefore, little i is known concerning the 
impact of CABG on older patients compared with 
that on younger ones. A number of postsurgical (6 
months).health-related quality-of-life outcomes. 
(e.g., symptoms, cardiac functional class, instru- 
mental activities of daily living, and emotional and 
social functioning) reported by patients aged <65 
(n = 169) and 265 (n = 99) years who underwent 

_ elective CABG at 4 major teaching hospitals i in 
Massachusetts and California were compared. 

. The proportion of patients reporting cardiac-relat- 
ed symptoms after surgery did not. vary by age, — 
and quality-of-life outcome scores of younger and 
older patients did not differ even after adjustment 
for clinical and demographic characteristics. The 
exception to this was mental health status, an out- 
‘come for which older patients reported better 
functioning than did younger ones. On average, 
patients in the 2 age groups reported equivalent 
improvement over preadmission status in instru- 

_ mental activities of daily living, and emotional and 
social functioning. The independent relation of 
clinical and sociodemographic factors to quality- 
of-life outcomes was also investigated. Patients 
who functioned better before admission, those 
with less severe co-morbid disease, and married . 
patients reported better functioning after dis- _ 
charge. In general, older Patients who underwent 
elective CABG. reported functional benefits similar 


to those reported by younger ones, and the factors 


associated with better functioning did not vary by 
age group. va . 
i (Am J Cardiol 1992;70:60-64) 
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has increased steadily over the past 20 years, 

particularly for patients aged 265 years,! as well 
as for those who are in poor preoperative condition and 
have associated medical diseases. As improvements in . 
surgical technique and perioperative care have reduced 
the mortality associated with this procedure, the effects 
of CABG on. functional status and quality of life have 
assumed increased importance in the decision to oper- 
ate. Most studies of outcomes after CABG have focused 
on mortality or surgical complications,?-6 and those that 
have focused on functional status typically have exclud- 
ed older patients.’ Because older patients account for 
a progressively larger proportion of those undergoing 
CABG, it is important. to document whether the emo- 
tional and functional status benefits reported by. youn- 
ger patients are.also experienced by older ones (i.e., 
whether reported -benefits are equivalent across age 
groups). We compared a number of health-related qual- 
ity-of-life outcomes (both condition specific and gener- 
ic) reported by patients aged < and 265 years who un- 
derwent elective CABG at 4 major teaching hospitals in- 
Massachusetts and- California. We also examined the 


. T he use of S artery bypass grafting (CABG) 


clinical and demographic predictors of positive quality- 


of-life outcomes, and investigated. whether these predic- - 
tors varied across age groups. 


' METHODS 


Patient sample: From Sembe 1985 to February k 
1987, we identified all patients aged >17 years who 
underwent CABG at 2 hospitals in Massachusetts 
(Brigham and Women’s Hospital, and New England 
Medical Center) and at 2 hospitals in California (Stan- 
ford Medical Center, and University.of California, San 
Francisco Medical Center). Because our intent was to | 
study elective CABG, we excluded all patients admitted 


:>3 days before surgery, transferred from another acute ' 


care hospital, admitted through an emergency room, 
or. directly to a coronary or intensive care unit, or treat- 
ed ‘preoperatively with intravenous nitroglycerin. We 


also excluded patients who had CABG or acute myo- 


cardial infarction within the month before hospitaliza- 
tion. Therefore, selected patients were at relatively low 
risk for major adverse postoperative outcomes such as 
death and severe disability. Each hospital randomly se- 
lected up to 100 patients who met the study criteria. We 
excluded from analysis 3 patients who died during hos- 
pital stay, and 4 with a length of stay >30 days. Thus, 
our sample consisted of 344 patients. 

Data: Data sources consisted of medical records and 
patient surveys. Data abstracted from the medical rec- . 
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ord included the following: (1) patient characteristics, 
status regarding unstable angina at admission, history 
of acute myocardial infarction, American Society of 
_ Anesthesiologists’ classification (I-IV), extent of coro- 
nary disease, presence or absence of diabetes needing 
treatment with insulin, co-morbid disease severity and 
symptomatic heart failure; (2) characteristics of the op- 
eration, number of days of intubation, and use of inter- 
nal mammary artery graft; (3) reoperation status dur- 
ing index hospitalization; and (4) presence or absence of 
major postoperative complication (any 1 of the follow- 
ing: pneumonia, hypotension, coma, neuropathy, pulmo- 
nary embolism, septicemia/bacteremia, shock, myocar- 
dial infarction, congestive heart failure, stroke, renal 
failure or cardiac arrest). | 

Although left ventricular ejection fraction is an im- 
portant predictor of functional status, it was recorded in 
the medical record for only 65% of patients and thus 
was not used as a case-mix indicator in our analyses. 

The co-morbidity index used is an adaptation of the 
approach of Greenfield et al, which documents from 
the medical record both the severity of co-morbid dis- 
eases and their impact on physical status. Conditions 
assessed included hypertension, cerebral vascular, respi- 
ratory and peripheral vascular diseases, diabetes melli- 
tus, malignancies, liver disease, arthritis and gastroin- 
testinal disease. Of these conditions, we used the most 
. severe co-morbid disease and physical status assessment 
to classify each patient. Co-morbidity levels were de- 
fined as follows: I — no co-morbid condition; II — mild 
to moderate co-morbid condition, with no more than 
moderate physical impairment; IHI — severe co-morbid 
condition or physical impairment. 

Health status questionnaire: Approximately 6 
months after discharge, we mailed all eligibie patients a 
health status survey containing questions concerning 
symptoms, and physical, social and emotional function- 
ing. We selected a 6-month assessment period to mini- 
mize the variability in postdischarge outcomes due to 
the normal recovery process. Patients who did not re- 
turn the original questionnaire were sent a second one. 
We attempted a telephone interview with those who did 
not respond to the second mailing. 

Condition-specific outcome measures included ques- 
tions about cardiac-related symptoms (e.g., dyspnea) 
that occurred during the month before survey comple- 
tion, and an adaptation of the Specific Activities Scale 
developed by Goldman et al.? The Specific Activities 
Scale measures cardiac functional class on a scale of I 
(can perform activities needing 27 metabolic equiva- 
lents) to IV (cannot or does not perform activities need- 
ing =2 metabolic equivalents). 

Generic measures of health status outcome consisted 
of a 6-item instrumental-activities-of-daily-living scale, 
a 3-item social activity scale and a 5-item mental health 
scale,!® all adapted from the Functional Status Ques- 
tionnaire.'! For each generic health outcome measure, 
we ascertained preadmission status by asking patients 
(independent of postdischarge assessments) to complete 
the scales relative to functioning during the month be- 
fore hospitalization. Scores for each of these measures 


have been linearly transformed to a scale of 0 (least 


functional) to 100 (most functional) for ease of inter- 


pretation and presentation. 

We also asked patients to indicate the number of 
times they had visited a physician since discharge, the 
number of postdischarge hospitalizations, and whether 
they had spent any time in bed because of illness during 
the month before assessment. | 

Statistical analyses: Our primary analyses focused 


‘on whether the level of functioning, and the correlates 


of health outcomes differed between patients aged < 
and 265 years. We compared mean outcomes scores, 
adjusting for demographic and clinical characteristics 
using analysis of covariance.!* We adjusted for the fol- 
lowing covariates: gender, race (white/nonwhite), edu- 
cation level, marital status, severity of co-morbid dis- 


TABLE t Demographic, Clinical, Process-of-Care and 


Preadmission Characteristics by Age Group for Patients 
Responding to an Outcomes Questionnaire Six Months After 
Coronary Artery Bypass Grafting Surgery 











Value for Age Group* 





< 65 Yearst > 65 Yearst 





Demographic characteristics 

























` White race 149 (90.8) 
Education 
<high school 42 (25.6) 26 (27.1) 
High school graduate 34 (20.7) 21 (21.9) 
Some college 49 (29.9) 23 (23.9) 
College graduate 20 (17.2) 11 (11.5) 
Married 135 (81.3} 83 (83.8) 
Clinical characteristics 
Unstable angina 19 (11.2) 13 (13.1) 
Diabetes treated with insulin 12 (7.1) 4 (4.0) 
Acute myocardial infarction 
Never 81 (47.9) 45 (45.4) 
>3 months 60 (35.5) 39 (39.4) 
<3 months 28 (16.6) 15 (15.2) 
Co-morbidity index 
| 46 (27.4) 17 (17.2) 
il 117 (69.6) 74 (74.8) 
iil 5 (2.9) 8 (8.1) 
American Society of 
Anesthesiologists’ classification 
level IV * §2 (31.1) 37 (38.1) 
Symptomatic heart failure 14 (8.3) 14(14.1) 
Extent of coronary narrowing 
1 vessel - 6 (3.6) 2 (2.1) 
2 vessels 48 (28.7) 19 (19.6) 
3 vessels 93 (55.7) 51 (52.6) 
Left main 20 (11.9) 25 (25.8) 
Any major complication 57 (33.7) 43 (43.4) 
Reoperation 7 (4.2) 6 (6.1) 
. Process-of-care characteristics 
internal mammary artery 44 (73.9) 39 (60.6) 
graft present§ 
No. of days of intubation 1.0+ 0.8 1.2 £ 1.6 
No. of grafts 3.3 + 0.9 3.3 £ 1.1 
Preadmission functional status 
Intermediate activities of 69.1 + 22.9 68.3 + 25.9 
daily living 
Mental health§ 63.9 + 19.9. 70.7 +18.4 
Social activities 84.8 + 23.6 83.2 + 27.1 





90 (92.8) 


*Values are presented either as the number (%) ar as the mean + standard 
deviation. 

tAge range 37 to 64 years: tage range 65 to 79 years. 

§p <0.05. 
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TABLE II Percentage of Patients Reporting Postoperative 
Cardiac-Related Symptoms 


Percentage n Age 
Group* 


symptom <65 Years 265 Years 


Exertional dyspnea 25.3 
Ankle edema ` 20.0 
_ Orthopnea 9.0 
Awakening due to shortness of breath 7.2 


*For each symptom, statistically significant differences did not occur. ; 


TABLE HI Postoperative eae Activity Scale Scores by Age 
Group 


SEa in Age Group* 
Specific Activity 
Scale Score 


<65 Years > 65 Years 


*Distribution of Specific Activity Scale scores did not significantly differ across age 
groups. s 





ease, American Society of Anesthesiologists’ classifica- 
tion, reoperation status, number of days of intubation, 
preadmission functional status, unstable angina on ad- 
mission, symptomatic heart failure, diabetes treated 
with insulin, prior acute myocardial infarction, left main 
disease, major postoperative complication and internal 
mammary artery graft. Finally, we used multiple linear 
regression analysis to. identify which demographic and 
clinical characteristics were. independent determinants 
of each quality-of-life outcome. 


RESULTS 

. Sample isc: More than three quarters 
(78%) of the 344 patients returned questionnaires. The 
268 respondents were more likely to have left main ar- 
tery stenosis than were nonrespondents, but there were 


` no other significant clinical or demographic differences 


between the 2 groups. 

Demographic and clinical characteristics for patients 
aged <65 (n = 169) and 265 (n = 99) years are listed 
in Table I. Most patients in each group were men, white 
and married, and ‘had at least a high school education. 


Few patients (11 to 13%) had unstable angina at admis- 


sion. Almost 50% of patients in each group had never 
had an acute myocardial infarction, and approximately 
33% were admitted with an American Society of Anes- 
thesiologists’ level IV classification. Older patients were 
significantly more likely than were younger ones to be 
admitted with left main disease. The proportion of pa- 
tients presenting with symptomatic heart failure did not 
vary by age group. Younger patients received an inter- 
nal mammary artery graft more often than did older 
ones. Older patients also tended to have more severe co- 
morbid disease, but this difference was not statistically 
significant. Among the preadmission health status mea- 
sures, only mental health differed significantly between 
age groups; older patients reported better preadmission 
mental health than did younger ones. 





Unad justed Adjusted 


<65 >65 <65 >65 
Outcome Years Years 


Intermediate activities 
of daily living* 
Social activities* 
Mental health* 
Specific activities 
scalef 
*Covariates: eaen health status, gender, race, education Eval marital 
status, co-morbidity, reoperation and preadmission acute myocardial infarction status, 
number of days of intubation, presence or absence of unstable angina at admission, 
diabetes treated with insulin, intemal: mammary artery graft, major postoperative 
complicaton, preadmission symptomatic heart failure status and left main artery 
disease. 
tCovariates: preadmission noaee activities of daily living, gender, race, 
education level, marital, co-morbidity, American Society of Anesthestologists’ and 
preadmission acute myocardial infarction status, number of days of intubation, 
reoperation status, presence or absence of unstable angina at admission, diabetes 
treated with insulin, internal mammary artery graft, major postoperative complication, 
Gos. symptomatic heart failure status and left main artery disease. 
p< 


Cardiac-related symptoms and resource use after | 
surgery: Table II lists the proportions of younger and 
older patients who had each of 5 cardiac-related symp- 
toms during the month before the postdischarge survey. 
The most frequently reported symptoms in each age 
group were exertional dyspnea and peripheral. edema. 
The proportion of patients reporting each individual 
symptom did not vary by age group. Specific Activities 
Scale scores also.did not vary as a function of age (Ta- 
ble III). Most patients in each age group reported that ` 
they were able to perform activities needing =7 meta- 
bolic equivalents (e.g., carry 224 pounds up a flight of 
steps). 

Further evidence of high postoperative functioning 
level was the finding that less than one fifth of older 
(18. 6%) and younger (13.5%) patients reported any 
time in bed as a result of health problems during the 
month before assessment. 

. Between discharge and assessment, older patients 
visited physicians as often as did younger ones (mean 
number of visits + standard deviation: 5.5 + 4.8 and 5.6 
+ 6.3, respectively). Furthermore, patients in the 2 
groups were hospitalized with similar frequency (27.3 
and 21.3% for older and younger. patients, respectively). 
_ Age differences in health-related quality-of-life out- 
comes: The unadjusted and adjusted mean‘ scores for 
each quality-of-life outcome are listed in Table IV. For 
both condition-specific and generic outcome measures, 
patients reported a high level of functioning. Patients 
in both age groups reported near perfect social func- 
tioning, and instrumental-activities-of-daily-living scores 
were also high. Only mental health scores differed be- 
tween age groups, with older patients reporting . better 
functioning than younger ones. These results remained 
the same when adjusted mean scores were compared. 

Postsurgical change in health-related quality-of- 
life outcomes: Figure 1 displays the degree of change 
in instrumental-activities-of-daily-living score, mental 
health and social activity functioning reported by pa- 
tients over the 6 month postdischarge period. For each 
health status indicator, younger and older patients re- 
ported comparable improvement in functioning. Pa- 
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tients reported the greatest improvement in instru- 
mental-activities-of-daily-living score (approximately 20 
points). This level of improvement is approximately 
equal to the difference between the average instru- 
mental-activities-of-daily-living score reported by pa- 
tients of Specific Activities Scale class III and that re- 
ported by those of class II. We obtained similar results 
when each of the change scores was adjusted for demo- 
graphic and clinical factors used in the analyses de- 
scribed previously. 

Predictors of health-related quality-of-life out- 
comes: Three variables emerged as consistent predictors 
of postdischarge functioning. For all measures, patients 
with less severe co-morbid disease functioned better 6 
months after discharge than did those with more severe 
co-morbidity. Better functioning before surgery predict- 
ed better postoperative functioning for all generic health 
outcome measures. Finally, married patients reported 
better functioning than did unmarried ones on all scales, 
- except the social activities scale. | 

Several other variables were significant predictors 
within specific regression models. Patients with insulin- 
dependent diabetes functioned. more poorly on the in- 
strumental-activities-of-daily-living and social activities 
scales than did other patients. White patients and wom- 
en reported less cardiovascular disability 6 months after 
CABG than did their nonwhite and male counterparts. 

Age was a statistically significant, independent pre- 
dictor of postsurgical functioning only in the model pre- 
dicting mental health. Older patients reported better 
mental health scores. To determine whether age differ- 
entially influenced the relation between mental health 
functioning and the other significant predictors in the 
model, we ran a regression model that included pread- 
mission and marital status, and co-morbidity severity by 
age interaction terms. The only significant predictor to 
emerge in this model was the main-effect preadmission 
mental health status term. Patients who reported better 
` preadmission mental health functioning also reported 
better postsurgical mental health functioning. 


DISCUSSION 


In 1987, 46% of all patients who idewo CABG 


were aged >64 years.!3 For this age group, this figure 
represents nearly a twofold increase over the percentage 
of patients who underwent the procedure in 1979.! In- 
creased use of the.procedure with older patients has 
prompted interest in the effect of age ‘on outcomes asso- 
ciated with CABG. However, most of this work has 
dealt with short-term outcomes such as length of stay, 
in-hospital complications and mortality. Older patients 
appear to do as well as younger ones with respect to 
these outcomes.*° Our study advances beyond short- 
term outcomes, addressing the impact of CABG on the 
quality of life of older patients. 

The data suggest that for a wide spectrum of activi- 
ties, older patients function just as well as do younger 
ones after elective CABG. Both the magnitude of post- 
operative health status scores and the degree of im- 
provement over preadmission functioning were equiva- 
lent in the younger and older groups. Furthermore, old- 
er patients did not report poorer cardiac functional 





class, more postoperative symptoms or more postsurgi- 
cal hospitalizations and visits to physicians than did 
younger ones. 

Our sample was not representative of all patients un- 
dergoing CABG in the United States, because only 
elective cases from 4 major teaching hospitals were in- 
cluded. However, given the high return rate for the 
questionnaire, and the similarity between questionnaire 
responders and nonresponders, this sample was proba- 
bly representative of all patients undergoing elective 
CABG at these hospitals during the study period. A 
larger scale effort would be needed to determine wheth- 
er the results reported here can be generalized to the 
broader population of CABG patients. Furthermore, 
because few patients aged >74 years underwent CABG 
at the hospitals in our study (5%), it will be important 
to document the quality-of-life benefits in this group, 
especially as the number of older patients who undergo 
the procedure increases. 

Our inability to use left ventricular ejection fraction 
in our analyses owing to missing data was disappoint- 
ing. The absence of documentation of this important 
variable in a substantial proportion of. medical records 
reinforces the need for systematic collection of clinically 
relevant data, so that case mix can be controlled for to 
the best extent possible in studies of this type. 

Our results generally confirm those of several other 
researchers’ !*-16 who assessed health-related quality- 
of-life outcomes in samples of younger patients after 
CABG. Each of these studies documented significant 
improvement after surgery, as reflected by a variety 
of disease-specific and generic health status outcomes. 
These studies reported improved functioning by as early 
as 3 months! and certainly by 6 months!‘ after dis- 
charge. This time frame is consistent with our data, 
which were collected 6 months after discharge. 

Folks et al!? found, as we did, that older patients 
reported better emotional functioning 6 months after 
discharge than did younger ones. They speculated that 
younger patients may have greater expectations for a 
full recovery and thus may be more likely to report dis- 
tress because these expectations are not met. Expecta- 
tions regarding recovery may be lower in older patients 
who consequently may report greater emotional well- 
being, because they have survived a complicated and 
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FIGURE 1. Unadjusted health status change scores by age 
group. ADL = activities of daily living. 


CORONARY ARTERY BYPASS GRAFTING OUTCOMES 63 


potentially life-threatening surgical procedure with their 
functional capacities intact. 

For most health status outcomes assessed, we found 
that better functioning after discharge correlated with 
better functioning before admission, less severe co-mor- 
bid disease at admission, and being married. It is not 
surprising that patients who function better on admis- 
sion and are less sick do well after discharge. The ad- 
vantage married patients appear to have with regard to 
health-related outcomes has been attributed to the so- 
cial support available to them through their living situa- 
tion.!8 However, this explanation has not been verified, 
and a better understanding of the process underlying 
this association may prove valuable. 

Although elective CABG produced good functional 
outcomes among older patients in this study, we should 
emphasize the influence of patient selection in our in- 
vestigation of the response of older patients to surgery. 
More older than younger patients presented with left 
main disease, but this was the only significant clinical 
difference between groups. Older and younger patients 
did not differ with respect to the presence of unstable 
angina on admission, diabetes needing insulin treat- 
ment, history of acute myocardial infarction, level of co- 
morbidity, or American Society of Anesthesiologists’ 
Classification. Therefore, it is likely that physicians offer 
CABG to patients with similar clinical characteristics 
and that as long as patients meet these criteria, chrono- 
logic age is not a major factor in the decision to perform 
surgery or in the subsequent benefits of surgery. 

One consequence of more frequent CABG for older 
patients is a greater demand on resources. We found 
that older patients selected for CABG benefit as much 
from this procedure as do younger patients. These re- 
sults suggest that health planners and insurers should 
consider quality of life benefits as well as survival in 
resource allocation decisions. 
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Increased Onset of Sudden Cardiac Death in the 
First Three Hours After Awakening 


Stefan N. Willich, MD, MPH, Robert J. Goldberg, PhD, Malcolm Maclure, ScD, 
Lucy Perriello, MS, and James E. Muller, MD 


A circadian variation of sudden cardiac death has 
been documented, but its relation to individual 
time of awakening and possible triggering events 
has not been studied in the general population. By 
monitoring of mortality records in 4 cities and 
towns in Massachusetts, 148 potential cases of 
sudden cardiac death were identified. In 94 cases, 
the informants listed on the death certificates 


- were contacted, the diagnosis of sudden cardiac 


f 


- death was established, and a telephone interview 


was completed within a mean of 19 days (range 8 
to 28) after the death. 

The time of day of all 94 cases of sudden cardi- 
ac death (mean age 61 + 9 years, 74% men) dem- 
onstrated a circadian variation (p <0.05) with a 
peak from 9:00 A.M. to 12:00 noon. An analysis 
of time of death adjusted for individual wake- . 
times of the decedents demonstrated an increased 
onset of sudden cardiac death during the initial 3- 
hour interval after awakening with a relative risk 
of 2.6 (95% confidence interval 1.6, 4.2) com- 
pared with other times of the day. 

The increased risk of sudden cardiac death 
soon after awakening suggests specific triggering 
factors or mechanisms that are particularly likely 
to occur during this time. The narrowing of the 


__ time interval during which the risk of sudden car- 
- diac death is increased should facilitate the study 


of possible pathogenetic mechanisms and trigger- 
ing factors of the disease and may aid in the de- 
sign of more effective preventive strategies. 

(Am J Cardiol 1992;70:65-68) 
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in the United States and other industrialized coun- 
tries, accounting for approximately 15 to 20% of 
all deaths.!2 The pathophysiologic mechanisms and pos- 
sible triggers of this catastrophic event are poorly un- 
derstood and a potential means of prevention are, there- 


S udden cardiac death is the leading cause of death 


‘fore, inadequately developed. A new approach to inves- 


tigation of the triggering mechanisms of sudden cardiac 
death is suggested by the documentation of a circadian 
variation in its occurrence with a significant morning 
peak.34 A similar circadian pattern exists in the occur- 
rence of nonfatal myocardial infarction,© an event 
closely related to sudden cardiac death.’* The circadian 
pattern of myocardial infarction has now been docu- 
mented to result primarily not from the absolute time of 
day but from an increased risk during the initial several 
hours after awakening.?"!! The objective of the present 
study was to examine the relation between the time of 
sudden cardiac death and individual time of awakening. 


METHODS . 
Data collection: Beginning in August 1989, death 
certificates were reviewed in 4.cities and towns in Mas- 


-sachusetts to identify potential cases of sudden cardiac 


death (with the cooperation of the city and town clerks 
in Worcester, Lowell and Framingham, and the Divi- 
sion of Vital Statistics at the Boston Department of 
Health and Hospitals). Because sudden cardiac death is 
not a diagnosis used routinely on death certificates, 
deaths reported with any of the following immediate or 
underlying causes were selected for possible inclusion in 
the study: sudden cardiac death, atherosclerotic cardio- 
vascular disease, acute myocardial infarction, coronary 
artery disease, cardiac arrest or arrhythmia, ventricular 
fibrillation, occlusive coronary thrombosis, and electro- 
mechanical dissociation. Subjects were not included in 
the study if cancer, stroke or trauma was recorded as an 
underlying or contributing cause of death. Deaths that 
occurred in hospitalized or bedridden patients or in 
nursing home residents were not included since the en- 
dogenous and exogenous circadian rhythms are likely to 
be altered in these settings. The age range of the pa- 
tients selected was limited to 30 to 80 years; younger 
patients may have an unusual cause of sudden cardiac 
death, while older persons often live alone or have older 
less reliable informants. 

The names of the informants listed on the death cer- 
tificate were retrieved and their telephone numbers ob- 
tained. Efforts were made to contact the informants 
within 30 days after the date of death. After consent to 
participate in the study was obtained, a standardized 
telephone interview was carried out with the spouse or 
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' other persons who were able to describe the circum- 


stances of death. Specific information about the dece- 
denis was obtained including coronary risk factors, con- 
commitant disease, usual wake-time, and most recent 
time of awakening before death. 

The following operational definition was used in 
identifying definite cases of sudden cardiac death: the 
subject, having been apparently well (in usual state of 
health), was observed to have died within 1 hour from 
the onset of symptoms, and the death could not reason- 
ably be attributed (on the basis of information from the 
informant and death certificate) to some disease other 
than coronary artery disease. The inclusion of only cases 
of definite sudden cardiac death might introduce a se- 
lection bias since the likelihood of confirmation of the 
diagnosis is not randomly distributed over the course of 
a day. Therefore, also possible cases of sudden cardiac 
death were included, as identified by the following defi- 
nition: the subject may have died within 1 hour from 
the onset of acute symptoms, and there was no apparent 
noncardiac cause of death on the basis of the informa- 
tion obtained from the informant and death certificate. 

Data analysis: The time of sudden cardiac death 
was defined as time of onset of acute clinical symptoms 
before death. If the exact time of death was not known, 
the probability of death was evenly distributed during 
the interval during which the patient was known to have 
died. For example, the deaths of all patients who were 
known to be alive at 8:00 a.m. and dead at 4:00 P.M. were 
evenly distributed over the interval from 8:00 A.M. to 
4:00 p.m. When the only information available concern- 
ing those persons who had died during sleep was that 
the patient was found dead in bed, the probability of 
death was evenly distributed between midnight and 6:00 
AM. or, for the wake-time adjusted analysis, during the 
6 hours before wake-time. If time of ‘death could not be 
estimated, the probability of death was evenly distribut- 
ed over 24 hours. | 

The distribution of time of onset of sudden cardiac 
death as well as the relation to time after awakening 
was first tested for differences among light 3-hour inter- 
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FIGURE 1. Time of death of all 94 definite (n = 72, hatched 
areas) or possible (n = 22, dark areas) sudden cardiac deaths 
showing a circadian variation with an increased incidence dur- 


-ing the late morning compared with other times of day. 





vals of the day with a chi-square test for goodness of fit. 


The risk of sudden cardiac death was expressed as an 


estimate of the relative risk with accompanying 95% 
confidence intervals during the 3-hour peak (index in- 
terval) of the circadian pattern compared with other 
times of the day (reference). The p values were 2-sided 
and were considered significant at <0.05. 


RESULTS 

A total of 148 death certificates were selected using 
the initial screening criteria. For 47 of the certificates 
reviewed the informant did not have a telephone, had an 
unpublished number, or could not be reached. In the 


remaining 101 cases, informants were contacted by tele- - 


phone with an average delay of 19 days (range 8 to 28) 
after the day of death. In 94 cases (64% of total) the 
contacted informant consented to participate in the 
study, the diagnosis of definite or possible sudden cardi- 
ac death was confirmed, and the telephone interview 
was completed. The mean age of the sudden cardiac 
death cases was 61 + 9 years and 74% were men. For 
60% of the cases, the informant was the spouse, and for 
the remaining cases the informant was another relative 
or friend. 

The time of occurrence of all 94 definite (n = 72) or 
possible (n = 22) cases of sudden cardiac death demon- 
strated a circadian variation (p <0.05) with an in- 
creased incidence during the late morning (Figure 1). 
The relative risk of onset of sudden cardiac death occur- 
ring from 9:00 a.m. to 12:00 noon was 1.7 (95% confi- 
dence interval 1.0, 2.8) compared with other times of 
day. 

In 84 cases of sudden cardiac death, the most recent 
time of awakening before death (n = 52) or the usual 
wake-time (n = 32) was reported by the informants. 
Analysis of time of death adjusted for individual time of 
awakening demonstrated an increased risk of sudden 
cardiac death during the 3 hours after awakening (Fig- 
ure 2). The relative risk of sudden cardiac death during 
the initial 3-hour interval after awakening was 2.6 (95% 


6 9 12 15 >18 
Hours After Awakening 


0 
Sleep A 
Awakening 


FIGURE 2. Time of sudcen cardiac death adjusted for individ- 
ual wake-times (n = 84) showing a significantly increased rela- 
tive risk of 2.6 (95% confidence interval 1.6, 4.2) during the 
initial 3 hours after awakening compared with other times of 
day. 
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confidence interval 1.6, 4.2) compared with other times 
of the day. If only the usual time of awakening was used 
for the wake-time adjusted analysis, the findings were 
_ not significantly different. 


DISCUSSION 

The present study is to our knowledge the first to 
document that the morning increase of sudden cardiac 
death in the community is due to an increased relative 
risk in the first several hours after awakening. This rela- 
tion is similar to that recently documented for nonfatal 
acute myocardial infarction?-'! and transient myocardi- 
al ischemia.!* Our findings are supported by the recent 
unpublished observation of Peters et al that sudden 
death of patients enrolled in the Cardiac Arrhythmia 
Suppression Trial began most frequently within 2 hours 
after awakening. | 

The increased risk of sudden cardiac death soon af- 
ter awakening suggests specific triggering factors or 
pathophysiologic mechanisms, or both, that are particu- 
. larly likely to occur during this time.!? The observation 
that many cases of sudden cardiac death occur during 
other times of day is compatible with the hypothesis 
that triggering events occur at a lower frequency 
throughout the day. Although regular exercise is known 
to provide chronic protection against cardiovascular dis- 
ease, strenuous physical exertion increases the acute risk 
of sudden cardiac death while it is being performed.!*!> 
Less is known about the relative risk for moderate phys- 
ical exertion and the duration of increased risk after a 
period of strenuous exertion. Anecdotal evidence sug- 
gests that other factors, such as sexual activity, unusual 
emotional stress, excess alcohol consumption or with- 
drawal from alcohol, may trigger sudden cardiac death 
and other cardiovascular diseases.!*-!8 However, these 
observations have not yet been supported by systematic 
epidemiologic investigation. 
_ The present study has several limitations, the great- 
est of which is the relatively small number of subjects 
studied. However, the identification of a statistically sig- 
nificant increase of sudden cardiac death soon after 
awakening with such a small number of cases suggests 
the importance of the phenomenon. The inability to 
contact approximately one-third of the informants may 
have introduced a selection bias, but the reasons for fail- 
ure to contact them were probably unrelated to circum- 
stances of the death. In some of the cases with unknown 
time of awakening on the day of death, the wake-time 
adjustment was based on the usual wake-time of the 
decedents. Although it appears unlikely, the possibility 
cannot be excluded that time of awakening was differ- 
ent on the day of death. Finally, the reliability and va- 
lidity of the information provided by the informant (in 
most cases the spouse) is unknown.!? Further studies 
therefore need to obtain more detailed information of 
the circumstances of sudden cardiac death, assess the 
range of valid data that can be provided by informants, 
and use a controlled study design for identification of 
triggering activities.” 

Recent findings suggest that therapy with aspirin 
or 8 blockers (the agents consistently shown to reduce 


the risk of sudden cardiac death and myocardial infarc- 
tion?!-23) decreases the morning peak of acute coronary 
artery disease.>-°!!24 An immediate practical issue 
raised by the present finding is provision of optimal 
pharmacologic protection during the morning hours for 
patients already taking cardiac medication. This can be 
achieved with an aspirin preparation taken at any time 
of the day because the effect on platelets lasts consider- 
ably longer than 24 hours. However, a short-acting 8- 
blocker taken at night may no longer have an adequate 
effect on the following morning. For this reason prefer- 
ence could be given to longer acting agents, although no 
trials have been conducted to compare the relative effi- 
cacy of short- versus long-acting agents in preventing 
sudden cardiac death. 

Further research to determine the cause of the in- 
crease in sudden cardiac death after awakening could 
lead to a better understanding of the disease. In some 
cases, avoidable triggers may be identified, such as ciga- 
rette smoking or extreme physical exertion without 
training. In most instances, however, triggering may 
perhaps be caused by an activity that is either impossi- 
ble or undesirable to avoid, such as assumption of 
upright posture or routine physical exertion. The pre- 
ventive approach would then be to attempt to sever, 
through pharmacologic or behavioral means, the link- 
age between the activity and the risk of sudden cardiac 
death. 
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- ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Effectiveness of Loading Oral Flecainide for 
Converting Recent-Onset Atrial Fibrillation to 
Sinus Rhythm in Patients Without Organic Heart 
Disease or With Only Systemic Hypertension 


Alessandro Capucci, MD, Tiziano Lenzi, MD, Giuseppe Boriani, MD, Giuseppe Trisolino, MD, 
Nicola Binetti, MD, Mario Cavazza, MD, Giovanni Fontana, MD, and Bruno Magnani, MD 


Sixty-two patients with recent-onset (<1 week). 
atrial fibrillation (New York Heart Association 
functional class 1 and 2) were randomized in a 
single-blind study to 1 of the following treatment 
_ groups: (1) flecainide (300 mg) as a single oral 
loading dose; or (2) amiodarone (5 mg/kg) as an 
. intravenous bolus, followed by 1.8 g/day; or (3) 
placebo for the first 8 hours. Twenty-four-hour 
Holter recording was performed, and conversion 
to sinus rhythm at 3, 8, 12 and 24 hours was con- 
sidered as the criterion of efficacy. Conversion to 
sinus rhythm was achieved within 8 hours (place- 
bo-controlled period) in 20 of 22 patients (919%) 
treated with flecainide, 7 of 19 (37%) treated with 
amiodarone (p <0.001 vs flecainide), and 10 of 21 
(48%) treated with placebo (p <0.01 vs flecai- 
nide). Resumption of sinus rhythm within 24 
hours occurred in 21 of 22 patients (95%) with 
flecainide and in 17 of 19 (89%) with amiodarone 
- (p = not significant). Mean conversion times were 
shorter for fiecainide (190 + 147 minutes) than 
for amiodarone (705 + 418; p <0.001). No major 
side effects occurred. At Holter monitoring, a 
pause of 9.3 seconds was observed in 1 asymp- 
` tomatic patient treated with flecainide. Phases of 
atrial flutter with a ventricular rate <150 beats/ 
min were detected before sinus conversion in 1 pa- 
tient receiving placebo and in 2 receiving flecai- 
nide. In conclusion, flecainide administered orally 
in a single loading dose is highly effective in con- 
verting recent-onset atrial fibrilation to sinus 
rhythm and is more rapid than is intravenous ami- 
odarone. This in-hospital regimen in patients with- 
out major organic heart diseases was safe and 
_ well-tolerated. ; 
À (Am J Cardiol 1992:70:69-72) 
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whose onset may induce disabling symptoms 

even in the absence of any organic heart dis- 
easel? and often needs hospitalization to be converted 
to sinus rhythm. Pharmacologic treatment with. digitalis 
glycosides (a milestone of the past) has lost much im- 
portance after publication of controlled studies.?4 Fur- 
thermore the standard treatment with quinidine needs a 
time-consuming titration. The ideal medical therapy 
should be highly and rapidly effective, and easily ad- 
ministered, as well as safe, possibly reducing the time 
for hospitalization or even abolishing it. With this con- 
cept in mind, we compared (in a placebo-controlled sin- 
gle blind study) oral flecainide in a single loading dose 
with intravenous amiodarone, both of which are, theo- 
retically, short-term regimens for acute conversion of 
AF to sinus rhythm. In this study, the effectiveness and 
safety of a single loading oral dose of flecainide were 
examined. Furthermore, because spontaneous reversion 
to sinus rhythm may occur in the first few hours,’ a 
control group treated with placebo was introduced. 


A trial fibrillation (AF) is a common arrhythmia 


METHODS 

Patients: During a 24-month period (March 1989 to 
March 1991), all patients with recent-onset AF admit- 
ted to our institutions were considered for this study. 
Recent-onset AF was defined as an arrhythmia of <7 
days’ duration. The main criteria to define the time of 
onset of the arrhythmia included either electrocardio- 
graphic documentation during hospitalization or an 
abrupt, well-defined onset of palpitations, with subse- 
quent electrocardiographic evidence of AF on admission 
to the hospital. | 

Patients were excluded from the study if they met 
any of the following criteria: age >75 years, New York 
Heart Association functional class >2 or symptoms of 
heart failure on physical examination, mean ventricular 


rate (calculated over 15 RR cycles) during AF of <70 


beats/min, previous myocardial infarction or angina 
pectoris, valvular heart disease or cardiomyopathy, elec- 
trocardiographic evidence of ventricular preexcitation or 
complete bundle branch block, previous electrocardio- 
graphic evidence of second- to third-degree atrioventric- 
ular or bifascicular block, known sick sinus syndrome, 
hypokalemia (K <3.5 mEq/liter), renal or hepatic in- 
sufficiency, severe hypoxia (oxygen partial pressure 
<55 mm Hg) or metabolic disturbances, or known thy- 
roid dysfunctions. Patients were also excluded if they 
were currently receiving digitalis or antiarrhythmic 
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TABLE | Patients 


Flecainide Amiodarone Placebo 


No. of pts. 22 19 21 
Men/women 14/8 10/9 11/10 
Age (yr) 58+ 12 59 + 10 ay ra! Bt 
Etiology (n) 
Without organic heart 15 12 16 
disease 
Systemic hypertension 7 7 5 


NYHA class | 20 (91%) 18 (95%) 13 (90%) 
NYHA class Ii 2 (9%) 1 (5%) 2 (10%) 
Previous AF episodes 15+ 1.4 14+ 1.3 1.6 £ 1.4 
AF duration (hr) 28.0+29.4 29.8 + 30.2 27.0 + 26.8 
Atrial diameter by 4445 46+ 6 4628 

echocardiography 

{mm} 
Left atrial diameter >45 

mm (n) 


AF = atrial fibrillation; NYHA = New York Heart Association. 


agents, or had taken 1 of these drugs <8 hours before 
entry in the study. All patients gave informed consent. 

Study protocol: Complete medical hystory, physical 
examination, routine biochemical laboratory testing and 
a 12-lead electrocardiogram were obtained at baseline 
evaluation. Patients who fulfilled the eligibility criteria 
underwent 24-hour Holter monitoring. Patients were 
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FIGURE 1. Conversion rates during placebo-controlled period 
at 3 (top) and 8 (bottom) hours. A = amiodarone; F = flecai- 
placebo. 


subsequently observed for 60 minutes to check the sta- 
bility of AF and, after electrocardiographic confirma- 
tion of arrhythmia persistence, were randomly allocated 
to 1 of the following treatment groups: (1) intravenous | 
amiodarone (5 mg/kg in 20 ml of saline solution in- 
fused during 5 minutes, followed by 1.8 g in 500 ml of 
saline solution administered intravenously for 24 hours), 
plus 3 tablets of placebo as a single oral dose; (2) oral 
flecainide (3 tablets of 100 mg as single oral dose), plus 
500 ml of saline solution intravenously administered for 
24 hours; or (3) oral placebo (3 tablets as single oral 
dose), plus 500 ml of saline solution intravenously ad- 
ministered for 24 hours. The patients were not aware of 
the drug treatment they received; drug administration 
was in simple-blind fashion. 

After drug administration, rhythm was continously 
monitored by telemetry, cuff blood pressure was mea- 
sured every 2 hours, and a 12-lead electrocardiogram 
was recorded every hour in the first 4 hours and then 
every 2 hours until the end of the study. 

Eight hours after randomization (placebo-controlled . 
period), patients treated with placebo stopped the study 
and, in case of persistence of AF, underwent other phar- 
macologic treatments. For patients treated with amio- 
darone or flecainide, the observation period continued 
for the 24 hours. In each case, a 12-lead electrocardio- 
gram was recorded when conversion to sinus rhythm oc- 
curred. 

Holter monitor tapes were analyzed by a visual and 
computerized scanning system (Marquette 8000). 
Heart rate was analyzed in 15-minute samples for mini- 
mal, maximal and mean values, and rhythm analysis 
was confirmed in printouts of rhythm strips, including 
the periods immediately before and after conversion to 
sinus rhythm, to allow the assessment of RR intervals at 
conversion. Furthermore, phases of atrial flutter, (de- 
fined as regularization of atrial waves with regular RR 
intervals) and sudden RR interval prolongation >2 sec- 
onds were recorded. É 

After conversion to sinus rhythm, a cross-sectional 
echocardiogram was obtained in each patient, and left 
atrial diameter was measured in the left parasternal 
long-axis view. 

Data analysis: The rate of conversion to sinus 
rhythm was assessed at 3, 8, 12 and 24 hours. Statistical 
analysis was performed using the chi-square test for 
comparison of the number of patients who had conver- 
sion to sinus rhythm. The paired ¢ test was used for 
analysis of the electrocardiographic changes within each 
group, and analysis of variance and unpaired ¢ test were ` 
used for comparison of mean conversion times between 
groups. A p value <0.05 was considered statistically sig- 


nificant. 


RESULTS 

Patients: Sixty-two patients were randomized to 1 of 
3 treatments groups (19 to amiodarone, 22 to flecainide, 
and 21 to placebo). The 3 groups were comparable in 
terms of age, gender, etiology and New York Heart As- 
sociation functional class (Table I). Furthermore, the 
number of subjects without any organic heart disease or 
with hypertension was similar. The duration of AF be- 
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fore randomization varied from 1.3 to 121 hours, with- 
out differences in the mean values among the 3 groups 
(Table I). Only 10 to 14% of patients in each group had 
a dilated left atrium on echocardiographic evaluation 
(Table I). 

Conversion of atrial fibrillation to sinus rhythm: 
The conversion rates during the placebo-controlled peri- 
od (at 3 and 8 hours) are reported in Figure 1. Flecai- 
nide achieved a success rate of 68% at 3 hours and of 
91% at 8 hours, and was significantly more effective 
than either amiodarone (16% at 3 hours [p <0.005], 
and 37% at 8 hours [p <0.001}) or placebo (29% at 3 
hours [p <0.05], and 48% at 8 hours [p <0.01]). No 
statistical differences were found between amiodarone 
and placebo conversion rates. | 

Mean conversion times to sinus rhythm in the first 8 
hours were 217 + 136 minutes for amiodarone, 234 + 
139 for placebo, and 169 + 90 for flecainide (p = not 
significant [NS]). Conversion to sinus rhythm occurred 
within 2 and 3 hours after drug administration in 68% 
(15 of 22) of patients treated with flecainide, 16% (3 of 
19) treated with amiodarone, and 24% (5 of 21) treated 
with placebo. 

Conversion to sinus rhythm was observed within 12 
hours in 20 of 22 patients (91%) with flecainide and in 
9 of 19 (47%) with amiodarone (p <0.01), and within 
24 hours in 21 of 22 (95%) with flecainide and in 17 of 
19 (89%) with amiodarone (p = NS). Mean conversion 
times to sinus rhythm within 24 hours were 190 + 147 
minutes for flecainide (range 120 to 780) and 705 + 
418 for amiodarone (range 60 to 1,200) (p <0.001). 

Holter monitoring evaluation: Holter recordings 
were technically satisfactory and suitable for analysis in 
15 patients treated with amiodarone, in 16 treated with 
flecainide and in 14 treated with placebo. Pauses =2 
seconds were observed on conversion to sinus rhythm in 
2 patients (2 seconds each) treated with amiodarone, in 
2 (2.1 and 9.3 seconds, respectively) treated with flecai- 
nide and in 1 (3.1 seconds) treated with placebo. Mean 
RR intervals at AF interruption were 1.2 + 0.3 seconds 
for amiodarone (range 0.8 to 1.8), 1.9 + 2.3 for flecai- 
nide (range 0.8 to 9.3; p = NS) and 1.2 + 0.5 for place- 
bo (range 0.6 to 3.1; p= NS). Phases of atrial flutter 
were detected before conversion in 1 patient receiving 
placebo and in 2 receiving flecainide (ventricular heart 
rate 125 to 150 beats/min). Mean and maximal heart 
rates detected on Holter monitoring at basal conditions, 
and 1 hour before and immediately before sinus conver- 
sion are shown in Figure 2. Statistically, there were no 
significant differences in mean or maximal heart rate 
before conversion to sinus rhythm among the 3 groups. 

Electrocardiographic interval changes: QRS inter- 
vals measured immediately after conversion to sinus 
rhythm were unchanged in comparison with basal val- 
ues for either amiodarone (79 + 8 vs 76 + 6 ms; 
p = NS) or placebo (82 + 11 vs 81 + 10 ms; p = NS), 
whereas a mean increase of 30% occurred for flecainide 
(103 + 17 vs 79 + 10 ms; p <0.001). QRS values for 
flecainide were significantly prolonged compared with 
those for amiodarone and placebo (p <0.005). QTc in- 
tervals measured immediately after resumption of sinus 
rhythm did not differ significantly among the 3 groups 


(399 + 53 ms for amiodarone, 391 + 40 for flecainide, 
and 394 + 46 for placebo). | 

Adverse effects: No major side effects needing in- 
terruption of the study occurred. In 2 patients receiving 
amiodarone, superficial phlebitis was observed. Mild 
light-headedness was observed with flecainide in 1 pa- 
tient. 


DISCUSSION | 

Class 1C drugs (especially after intravenous admin- 
istration) have been demonstrated to possess pharmaco- 
logic and electrophysiologic properties to facilitate 
conversion of AF to sinus rhythm.’-!? Several studies 
documented a success rate between 67 and 95% with 
flecainide,’-!3 and between 43 and 81% with propafen- 
one.!>14-17 Intravenous amiodarone is also a generally 
adopted in-hospital treatment with a reported success 
rate between 25 and 81%.'’-?! The different success 
rates found in various studies can be mainly attributed 
to differences in average duration of AF, left atrial size, 
presence or absence of organic heart disease,?223 and 
absence of controls with placebo. In some studies, “re- 
cent onset” is defined as an episode of AF lasting <24 
hours,”!> and “chronic” is defined as AF lasting >24 
hours, whereas in other studies, AF lasting <15 days 
was considered as recent-onset arrhythmia.!© Therefore 
the concept of recent and chronic AF was also a source 
of bias in previous studies. 
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FIGURE 2. Mean and maximal heart rates during Holter re- 


cording at basal conditions, 1 hour before conversion (CV) to 
sinus rhythm, and immediately after conversion. 
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We did not find any controlled study of amiodarone 


in the setting of patients with recent-onset AF. Villani 
et al’ performed ‘a controlled study of oral flecainide 
and placebo in 37 patients, with success rates of 95 and 
28%, respectively. The main result of our controlled 
study was the high percentage of short-term conversion 
to sinus rhythm in patients treated with an oral loading 
dose of flecainide (91% at 8 hours). Furthermore, mean 
conversion time was short (169 + 90 minutes), and 


‘most positive responses occurred between the second 


and third hour of oral administration (i.e., during peak 
plasmatic level).24 Analysis of the electrocardiographic 
changes with flecainide confirmed a widening of the 
QRS interval immediately after conversion; this param- 
eter — previously shown to correlate with drug plasma 
levels.?° 

Comparison with a placebo group allowed us to ob- 
serve that (at least until the eighth hour) amiodarone 
administered intravenously at the dosage used in this 
study (i.e., the generally adopted dosage)!7-!92! was not 
superior to placebo in converting AF to sinus rhythm. 
Furthermore, 48% of patients with AF lasting <7 days 
spontaneously reverted to sinus rhythm a. few hours af- 
ter hospitalization. 

The data at 24 hours showing a recovery of the effi- 
cacy rate in the amiodarone group are probably, partly 
related to longer conversion times and spontaneous late 
reversions, and not necessarily to drug effect. 

The use of class 1C drugs in AF has a risk of induc- 
tion of atrial, flutter, as reported in the literature.7°-28 
However, in this study, only 2 patients receiving flecai- 
nide, and 1 receiving placebo had this arrhythmia, with 
ventricular rates of <150 beats/min and without hemo- 
dynamic deterioration. It is likely that the resting condi- 
tion of our patients was a natural obstacle to a possible 
1:1 conduction. No ventricular proarrhythmic effects 
were observed in our patients.”% 

Maximal heart rate evaluated on Holter monitoring 
was reduced by the same amount with flecainide and 
amiodarone to an extent statistically superior to. that 
with placebo. Furthermore, a progressive mean or maxi- 
mal heart rate decrease was a common pattern in the 
hour before each conversion to sinus rhythm. 

In 1 case with flecainide, an asymptomatic pause >9 
seconds was observed immediately before resumption of 


sinus rhythm. Flecainide has a known depressive effect 


on sinus node automaticity and is relatively contraindi- 
cated in patients‘with sick sinus syndrome.*° The afore- 
mentioned patient probably had sick sinus syndrome, 
and AF was an expression of a bradycardia-tachycardia 
syndrome. | 
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Electrocardiographic Changes and 
Arrhythmias After Cancer Therapy in 
Children and Young Adults 


Ranae L. Larsen, MD, Regina l. Jakacki, MD, Victoria L. Vetter, ‘MD, Anna T. Meadows: MD, 
: Jeffrey i Silber, MD, PhD, and Gerald Barber, MD ` 


Transient electrocardiographic changes and ar- — | 


rhythmias are known to be acute manifestations 
of cardiotoxicity secondary to cancer therapy with 
‘anthracyclines or cardiac irradiation. However, 
despite the known risk of late cardiac dysfunction 
in survivors of childhood cancer therapy, the risk 
of clinically important electrocardiographic abnor- 
malities and arrhythmias after treatment is un- 
known. Standard 12-lead and.24-hour ambulatory 
electrocardiograms were recorded in 73 patients 
who received anthracyclines alone, 24 who re-. - 
ceived cardiac irradiation alone, and 27 who re- 
ceived both anthracyclines and cardiac irradiation. 
The mean age of the patients was 15 years. Mean 
cumulative anthracycline dose was 282 mg/m? in 
patients who received anthracyclines alone and 
244 mg/m? in patients who received both anthra- 
-cyclines and cardiac irradiation. Analysis of the 
12-lead and 24-hour electrocardiograms demon- 
strated increased frequency of QTc prolongation, 
‘supraventricular premature complexes, supraven- 
tricular tachycardia, ventricular premature com- 
plexes, couplets and ventricular tachycardia (all p 
<0.001) when compared with an. -age-matched . 
healthy population. Most patients had abnormali- 
ties limited to single supraventricular or ventricu- 
lar premature complexes; however, potentially se- 
rious ventricular ectopy, including ventricular . 
pairs and ventricular tachycardia, were noted in 
patients with cumulative doses >200 mg/m. 
Electrocardiographic abnormalities and ar- 

rhythmias are not limited to the acute phase of. 
treatment with anthracyclines and cardiac irradia- 
tion. Survivors of childhood malignancy who re- 
ceived anthracyclines or cardiac irradiation, or 
both, probably should undergo ambulatory elec- 
trocardiographic. monitoring as part of their fol- 
low-up to detect potentary life-threatening ar- 
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. clines or cardiac irradiation during cancer therapy 
develop electrocardiographic abnormalities or 
arrhythmias.' The anthracyclines, doxorubicin and 
daunorubicin, are effective, frequently used agents with 
well-described acute and chronic cardiotoxicity, includ- 
ing ventricular dysfunction, pericarditis, electrocardio- 
graphic abnormalities and .arrhythmias.*-* In addition 
to these toxicities, cardiac irradiation also causes accel- 
erated coronary arteriosclerosis.5-’ Electrocardiographic 
changes and arrhythmias include decreased QRS volt- 
age, prolongation.of the QT interval, T-wave inversion, 
ST-segment elevation or depression, and atrial and ven- 
tricular arrhythmias. In adults, these abnormalities are 
generally considered to be transient and_.of little clinical 
significance. Children develop cardiac toxicity at lower 
doses relative to body size than adults.!:8 This increased 
sensitivity may, place them at greater risk for the devel- 
opment of significant and persistent abnormalities. Nei- 
ther the frequency nor the significance of chronic elec- 
trocardiographic changes or arrhythmias in children 
who receive anthracyclines, cardiac ‘irradiation, or both, 
are known. We: used -12-lead electrocardiography and 
24-hour ambulatory electrocardiographic (Holter) mon- 
itoring to learn the prevalence of electrocardiographic 
changes and eee 3 in survivors of childhood 
cancer. 


A t least 25% of patients who receive anthracy- 


METHODS . i 

Patients: Patients who had completed prescribed 
courses of therdpy for a malignancy that included an- 
thracyclines or cardiac irradiation were asked to partici- 
pate in the study. To eliminate the clinically insignifi- 
cant transient acute electrocardiographic changes previ- 
ously reported iri adult patients, all patients had not had 
cardiotoxic therapy for 23 months before enrollment. 
All patients were clinically asymptomatic and without 
evidence of residual malignancy. Informed consent was 
obtained from the patient and, wheré appropriate, the - 
parent. Approval for the study .was obtained from the 
institutional review board. 
_ One hundred thirty-four children ‘and young adults 
(age 15 + 4 years; range 7 to 32) participated in the 
study. Diagnoses included acute lymphoblastic leukemia 
(15), acute nonlymphocytic leukemia (10), Hodgkin’s 
disease (21), non-Hodgkin’s lymphoma (25), Wills’ tu- 
mor .(22), neuroblastoma (3), rhabdomyosarcoma (8), 
osteosarcoma (6), Ewing’s sarcoma (6), other sarcomas.. 
(2), teratoma (1), and central nervous system tumors 
(15). Twelve. of these leas (9%) were aoe >21 
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TABLE | 24-Hour Ambulatory Electrocardiography in Normal Children and Young Adults from Five Previous Studies!-!4 


Age AV Block AV Block 
| (yr) Type | Type II SVPCs 


6-13 14/223 (6%) 0/223 (0%) 20/223 (9%) 


0/223 (0%) (35/223 (16%) 


Multiform 


SVT VPCs VPCs Couplets 


0/92 (0%) 0/223 (0%) 0/223 (0%) 


14-16 11/100 (11%) =1/100(1%) 44/100 (44%) 0/100(0%) 41/100(41%) 10/100(10%)} 3/100(3%) 3/100 (3%) 


22-28 5/100 (5%) 
Age-adjusted 8 + 2% 
normals 


0.5 + 0.5% 30+ 3% 


0/100 (0%) 60/100 (60%) 2/100(2%) 52/100 (52%) 11/100(11%) 0/100(0%) 1/100 (1%) 
0.1% 0.1% 31 + 3% 6+1% 


15408% 15+£08% 


AV = atrioventricular; SVPCs = supraventricular premature complexes; SVT = supraventricular tachycardia; VPCs = ventricular premature Complexes; YT = ventricular tachycardia. 





years at entry into the study. Time since last anthracy- 
cline administration or cardiac irradiation ranged from 
3 months to 21 years. One hundred sixteen patients 
(87%) had completed therapy for at least ‘1 year before 
the time of testing. The mean time from last cardiotoxic 
agent for the entire population was 5 + 4 years. 

Seventy-three patients had received anthracyclines 
but no cardiac irradiation with a cumulative anthracy- 
cline dose of 282 + 106 mg/m? (range 84 to 665). Four 
received >450 mg/m? of anthracyclines. Twenty-four 
received cardiac irradiation but no anthracyclines. Thir- 
ty-seven received both anthracyclines and cardiac irra- 
diation (anthracycline dose 244 + 65 mg/m”). 

Electrocardiography: Supine standard 12-lead elec- 
trocardiography was performed using a Marquette Case 
12 electrocardiographic system and interpreted using 
age-specific criteria.’ 

. Ambulatory electrocardiographic monitoring: Trac- 
ings were recorded for a single 24-hour period with a 
portable electrocardiographic cassette tape recorder 
(CardioTechcorder II), a 2-channel system with modi- 
fied leads V; and Vs. The tapes were analyzed using a 
superimposition scanning technique with each recording 
reviewed by 2 operators. Printings of arrhythmias, ex- 
tremes of heart rate, and representative strips from each 
study hour were produced for detailed analysis and re- 
view. The results of the ambulatory electrocardiograms 
were interpreted by a pediatric cardiologist and com- 
pared with published age-specific norms (Table I).!°-!4 

Definitions: Twenty-four-hour average heart rate 
was defined as the total number of complexes recorded 
divided by the total recording time. Highest and lowest 
heart rate was defined as the fastest and slowest rate of 
16 consecutive complexes. The following arrhythmias 
were defined using standard criteria: supraventricular 
premature complexes, ectopic atrial rhythm (rate 40 to 
80 beats/min), accelerated ectopic atrial rhythm (rate 
80 to 119 beats/min), supraventricular tachycardia (23 
non-sinus complexes at a rate 2120 beats/min), junc- 
tional rhythm, ventricular premature complexes, multi- 
form and coupled ventricular premature complexes, ac- 
celerated idioventricular rhythm (23 complexes at a 
rate 60 to 119 beats/min), ventricular tachycardia (23 
ventricular complexes at a rate >120 beats/min), first- 
degree atrioventricular (AV) block (PR interval >95th 
percentile for age), and second-degree AV block, Mo- 
bitz types I and Il. PR, QRS and QT intervals were 
measured. The QT interval was corrected for heart rate 
using Bazett’s formula: measured QT divided by the 
square root of the RR interval and reported as QTc. 


Echocardiography: Within 24 hours of their electro- 
cardiography, all patients underwent 2-dimensional 
echocardiography to measure left ventricular end-dia- 
stolic and end-systolic diameters in the minor axis. A 
shortening fraction of 20.28 was considered normal.!> 

Data analysis: Cumulative anthracycline doses were 
calculated by summing the total dose of doxorubicin in 
mg/m? plus two-thirds of the total daunorubicin dose in 
mg/m°.!6 Means were reported with their associated ~ 
standard deviations (mean + standard deviation). The 
frequency of abnormal results between groups was com- 
pared using the chi-square statistic or Fisher’s exact - 
test. Comparison of means between groups was per- 
formed using a 2-tailed student ¢ test. A p value <0.05 
was considered significant. 


RESULTS 

Twelve-lead electrocardiography: Results are sum- 
marized in Table H. Eighty-eight patients (66%) had no 
abnormalities on 12-lead electrocardiography. Ectopic 
atrial rhythm was seen in 8 patients (6%) and a pro- 
longed QTc interval of >0.44 was seen in 19 patients 
(range 0.45 to 0.50). The 14% prevalence of prolonged 
QTc was significantly greater (p <0.001) than expect- 
ed. Abnormally flattened or inverted T waves were seen 
in 3 patients (2%). No patient had abnormal QRS volt- _ 
ages in the chest or limb leads. 

Q waves of increased amplitude in leads II, III, aVF, 
and/or Vę were found in 3% of the patients who had 
received anthracyclines alone and in 10% of the patients 
who had received cardiac irradiation. None of these 
patients had echocardiographic evidence of left ventric- 
ular or septal hypertrophy. Electrocardiograms had not 
been obtained before beginning therapy, so it cannot be 
determined whether these Q waves developed after 
therapy. 

Ambulatory electrocardiography: RATE AND 
RHYTHM: The predominant rhythm was sinus in all pa- 
tients. Brief episodes of ectopic and junctional rhythms 
were recorded in 5 patients. Daily heart rate was 88 + 
11 beats/min, sleeping heart rate 78 + 14 beats/min, 
and the lowest and highest recorded heart rates 55 + 10 
beats/min and 161 + 19 beats/min, respectively. 

ATRIOVENTRICULAR BLOCK: Second-degree AV block, 
Mobitz type I (Wenckebach) was not observed in any 
patients who received <300 mg/m? of anthracyclines, 
but was detected in 5 of 32 (16%) (p <0.01) who re- 
ceived >300 mg/m? of anthracyclines and in 1 of 37 
(3%) (p = not significant [NS] compared with <300 
mg/m) who received both anthracyclines and cardiac 
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Right 
Ectopic Atrial Ventricular 


Rhythm 
1/14 (7%) 


Normal ECG 


Anthracyclines 12/14 (86%) 
(1-199 mg/m?) 

Anthracyclines 
(200-299 mg/m?) 

Anthracyclines 


(300-399 mg/m?) 


0/14 (0%) 


17/28 (61%) 1/28 (4%) 0/28 (0%) 


14/21 (67%) 1/21 (5%) 1/21 (5%) 


Anthracyclines 6/10 (60%) 2/10 (20%) 0/10 (0%) 


{> 400 me/ m2) 
Cardiac irradiation 15/24 (63%) 


2/24 (8%) 0/24 (0%) 


Both anthracyclines 24/37 (65%) 
and cardiac 
irradiation 


1/37 (3%) 1/37 (3%) 


ECG = electrocardiogram. 


. 


Cancer 


Supraventricular 
Premature 
Complexes 


8/14 (57%)* 




















Anthracyclines 
(1-199 mg/m?) 
Anthracyclines 
(200-299 mg/m?) 
Anthracyclines 
(300-399 mg/m?) 
Anthracyclines 
(> 400 mg/m?) 


17/28 (61%)* 
16/21 (76%)* 


5/10 (50%)* 





irradiation. One or 2 episodes each of Mobitz type II 
second-degree AV block was recorded in 2 of 42 pa- 
tients (5%) who received <300 mg/m? of anthracy- 
clines, compared with 1 of 31 (3%) (p = NS) who re- 
ceived >300 mg/m? of anthracyclines. Two of the 61 
patients (3%) (p = NS compared with <300 mg/m?) 
who received cardiac irradiation developed Mobitz type 
II second-degree AV block. Both had received anthra- 
cyclines. No symptoms were reported during any epi- 
sodes of AV block. 

MAXIMUM CORRECTED QT INTERVAL: Corrected QT in- 
terval was 20.48 in 19 of 134 patients (14%). There 
was no significant difference in mean anthracycline or 
irradiation doses between patients with or without pro- 
longation of their corrected QT intervals. 

SUPRAVENTRICULAR ARRHYTHMIAS: Although supra- 
ventricular premature complexes were more common in 
our study population (p <0.001) than in age-matched 
normal subjects (Table I), there were no dose-related 
differences in the study population (Table III). The 
number of supraventricular complexes recorded in the 
24-hour period ranged from 0 to 552, with 18 patients 
having >10. Two patients (1.5%) each had 1 episode of 


TABLE ii 12-Lead Electrocardiographic Findings in Survivors of Childhood Cancer 


Hypertrophy 


TABLE HE Arrhythmias Detected by 24-Hour Electrocardiography in Survivors of Childhood 


Supraventricular 
Tachycardia 


0/14 (0%) 





2/28 (7%)* 
0/21 (0%) 


0/10 (0%) 


Cardiac irradiation 15/24 (63%)* 1/24 (4%)* 12/24 (50%)* 0/24 (0%) 1/24 (A%)t 

Both anthracyclines 27/37 (73%)* 0/37 (0%) 23/37 (62%)* 3/37 (8%)* 3/37 (8%)* 
and irradiation 

All patients (66%)* (2%)* (52%)* (4%)* (3%)* 


*p <0.001; tp <0.01 (probabilities compared with that in normal subjects). 


Interventricular 
Conduction Delay 


0/14 (0%) 


Deep Q 
Waves 


1/14 (7%) None 


0/28 (0%) 1/28 (4%) T-wave flattening or 
inversion (3); QTc > 0.44 (3) 
Wolff-Parkinson-White (1); 
right-axis deviation (1); right 
atrial enlargement (1); 
QTc > 0.44 (2) 


QTc > 0.44 (3) 


0/21 (0%) 0/21 (0%) 


0/10 (0%) 0/10 (0%) 


2/24 (8%) 5/24 (21%) QTc >0.44 (3); right atrial 


enlargement (1) 
QTc > 0.44 (7) 


0/37 (0%) 1/37 (3%) 










Ventricular 
Premature 
Complexes 


4/14 (29%) 





Ventricular 
Tachycardia 


0/14 (0%) 


Ventricular 
Coupiets 


0/14 (0%) 














9/28 (36%) 1/28(4%)t 0/28 (0%) 


14/21 (67%)* 0/21 (0%) 0/21 (0%) 


7/10 (70%)* 1/10 (10%)t 0/10 (0%) 


nonsustained supraventricular tachycardia at rates of 
120 and 142 beats/min. The duration of supraventricu- 
lar tachycardia was 3 beats in one of these patients and 
11 beats in the other. No symptoms were reported dur- 
ing these episodes. 

VENTRICULAR ARRHYTHMIAS: The prevalence of ven- 
tricular ectopy did not differ from normal in patients 
who had received <300 mg/m? of anthracyclines. Pa- 
tients who received >300 mg/m? of anthracyclines, car- 
diac irradiation without anthracyclines, or both anthra- 
cyclines and cardiac irradiation, had an increased prev- 
alence of ventricular ectopy (all p <0.001) compared 
with results in age-matched normal subjects (Tables I 
and III). The number of ventricular premature com- 
plexes recorded in 24 hours ranged from 0 to 126, with 
8 of 134 patients (6%) having >10 single ventricular 
premature complexes. The complexes were multiform in 
2 of 42 patients (5%) (p = NS compared with normal) 
who received <300 mg/m? of anthracyclines, in 6 of 31 
patients (19%) (p = NS compared with normal) who 
received >300 mg/m?, in 2 of 24 patients (8%) (p= 
NS compared with normal) who received cardiac irra- 
diation without anthracyclines, and in 6 of 37 patients 
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(16%) (p = NS compared with normal) who received 
both anthracyclines and cardiac irradiation. 

Single ventricular pairs were recorded in 1 of 42 pa- 
tients (2%) who received <300 mg/m? of anthracy- 
clines, 1 of 31 patients (3%) who received >300 mg/m?, 
no patient who received cardiac irradiation without 
anthracyclines, and 3 of 37 patients (8%) who received 
both anthracyclines and cardiac irradiation. The cou- 
pling interval between the 2 ectopic complexes ranged 
from 0.29 to 0.53 seconds. 

Nonsustained ventricular tachycardia (3 to 6 beats) 
at rates of 168, 180 and 181 beats/min was recorded in 
3 patients. One patient had a 55 beat run of an acceler- 
ated ventricular rhythm (rate 120 beats/min). Ages 


. ranged from 13.2 to 24.3 years. Times since completion 


of therapy were 0.6, 0.8, 5 and 13 years. Patient diag- 
noses included: Hodgkin’s disease (2), non-Hodgkin’s 
lymphoma (1) and neuroblastoma (1). One patient with 
ventricular tachycardia had received irradiation alone. 
The others had received both anthracyclines (cumula- 
tive doses ranged from 141 to 300 mg/m?) and medias- 
tinal irradiation. The episodes occurred while patients 
were reportedly awake and engaged in sedentary activi- 
ties, i.e., doing homework, watching television. Patients 
noted no symptoms during the episodes of ventricular 
tachycardia. Twelve-lead electrocardiograms were nor- 
mal in 3 patients; 1 patient had right-axis deviation 
(QRS axis +117). None of the patients had a QTc 
>0.44 on 12-lead electrocardiography. All 4 patients 
had normal left ventricular shortening fractions (range 
0.31 to 0.36). None of the patients had mitral valve pro- 
lapse on echocardiography. 

Echocardiography: Mean left ventricular shortening 
fraction was 0.34 + 0.04 in patients who received <300 
mg/m? of anthracyclines, 0.32 + 0.05 in patients who 
received >300 mg/m? of anthracyclines, 0.34 + 0.04 in 
patients who received cardiac irradiation without an- 
thracyclines, and 0.32 + 0.04 in patients who received 
both anthracyclines and cardiac irradiation. There was 
no difference in mean shortening fractions across the 
groups. Shortening fraction was <0.28 in 2 patients 
who received <300 mg/m+, in 5 patients who received 
>300 mg/m? of anthracyclines, in 1 patient who re- 
ceived cardiac irradiation without anthracyclines, and in 
1 patient who received both anthracyclines and cardiac 
irradiation. Abnormal shortening fraction did not corre- 
late with findings on either standard or 24-hour electro- 
cardiography. 


DISCUSSION 

Previous studies: Decreased QRS voltage, T-wave 
flattening and inversion, ST-segment elevation or de- 
pression, prolongation of the QT interval, and AY and 
bundle branch block are reported to be common electro- 
cardiographic manifestations of acute cardiac toxic- 
ity during and shortly after treatment with anthracy- 
clines!7-22 or cardiac irradiation, or both. Arrhyth- 
mias, including supraventricular and ventricular prema- 
ture complexes, junctional rhythm, and supraventricular 
and ventricular tachycardias have also been reported.!:24 
Some studies have suggested that in adult patients, the 
electrocardiographic changes and arrhythmias associ- 


ated with anthracycline cardiac toxicity resolve within 1 
month of cessation of treatment,”4 are of little clinical 
significance, and are not predictive of the future devel- 
opment of congestive heart failure or death.2°° There - 
are other reports in adult patients of sudden death, pre- 
sumably secondary to an arrhythmia, during anthracy- 
cline infusion or shortly after treatment with anthracy- 
clines or mediastinal irradiation, or both.27.28 

Studies in pediztric patients are limited. Steinherz 
and Steinherz”’ reported the long-term follow-up of 100 
children who had received anthracyclines. Three devel- 
oped clinical symptoms of congestive heart failure and 
another 13 had abnormal echocardiograms. One patient 
who had not had a previously documented arrhythmia 
died suddenly, and 2 patients who had previously docu- 
mented ventricular arrhythmias died secondary to their 
arrhythmias. In another study, Lipshultz et al? detect- 
ed nonsustained ventricular tachycardia in 5% of late 
survivors of childhood malignancy. Their mean cumula- 
tive doxorubicin doses were 484 mg/m/?. All patients in 
whom ventricular tachycardia was detected had severe - 
systolic dysfunction on echocardiography, although, in 
some patients, ventricular tachycardia preceded the on- 
set of symptomatic congestive heart failure. 

Present study: COMPARISON WITH PREVIOUS STUDIES: 
Our study confirms the association of electrocardio- 
graphic abnormalities and arrhythmias including AV 
block, prolonged corrected QT interval, and supraven- 
tricular and ventricular arrhythmias with cancer thera- 
py. Unlike prior studies in adults that report transient 
early arrhythmias usually limited to the first month,2+5 
our patients’ abnormalities were detected beyond the 
acute phase of therapy. This suggests that children re- 
ceiving anthracyclines and cardiac irradiation are more 
likely to develop chronic electrocardiographic changes 
and late arrhythmias. Previous studies in adults have 
not used long-term ambulatory electrocardiography, 
however, and may have underestimated the frequency | 
of arrhythmias. 

In our study, although there was a relation between 
prevalence of ventricular arrhythmias and dose, ventric- 
ular arrhythmias were detected in patients receiving cu- 
mulative anthracycline cumulative doses as low as 200 
mg/m*. Unlike the study by Lipshultz, we detected 
nonsustained ventricular tachycardia in patients who 
had received what is generally considered to be “safe” 
(<300 mg/m?) doses of anthracyclines and in patients 
without overt ventricular systolic dysfunction. 

SIGNIFICANCE OF ELECTROCARDIOGRAPHIC CHANGES 
AND ARRHYTHMIAS: In most of the patients, minor ab- 
normalities were found that were of little clinical signifi- 
cance. Potentially serious electrocardiographic changes 
and arrhythmias were noted in some patients. 

In our study, a QTc 20.48 on 24-hour ambulatory 
electrocardiography monitoring was seen in 14% of pa- 
tients who received either anthracyclines, cardiac irra- 
diation or both. This finding may indicate a substrate of 
electrical instability, making the presence of even nor- | 
mal numbers of ventricular premature complexes a ` 
more potentially threatening situation. 

Q waves of increased amplitude were detected in pa- 
tients who had received cardiac irradiation and may in- 
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dicate myocardial ischemia or the presence of chronical- 
ly fibrotic areas of myocardium, or both. 

Potentially serious ventricular arrhythmias, includ- 
ing ventricular tachycardia, occurred more often in pa- 
tients receiving both anthracyclines and irradiation than 
in patients receiving either anthracyclines or irradiation 
alone, confirming previous observations that cardiac ir- 
radiation lowers the dose level at which anthracycline 
cardiotoxicity develops.'© The significance of ventricu- 
lar ectopy in these patients is unknown. For this reason, 
we have elected not to treat these arrhythmias in clini- 
cally asymptomatic patients. All patients with supraven- 
tricular tachycardia, ventricular couplets or ventricular 
tachycardia were referred to a pediatric cardiologist for 
full evaluation and are currently being followed. The 
remaining patients are continuing with their routine on- 
cologic follow-up which will include serial ambulatory 
electrocardiographic monitoring. It is too soon to com- 
ment on progression of arrhythmias or clinical symp- 
tomatology in either of these groups. 

Study limitations: Limitations of our study include 
the lack of 12-lead or 24-hour electrocardiograms ob- 
tained before beginning therapy to assess for preexisting 
abnormalities. Because studies were not systematically 
obtained during therapy, we cannot determine if pa- 
tients had significant electrocardiographic changes or 
arrhythmias at the time of therapy and cannot evaluate 
whether arrhythmias occurring acutely during treat- 
ment are predictive of persistent or recurrent arrhyth- 
mias after treatment. An additional limitation is the rel- 
atively short period of monitoring for arrhythmias (24 
hours). Patients with ventricular arrhythmias have ar- 
rhythmias that occur sporadically with a marked vari- 
ability in the frequency of arrhythmias during repeated 
periods of long-term ambulatory electrocardiographic 
monitoring. Our study may therefore underestimate the 
prevalence of arrhythmias in survivors of childhood 
cancer. 
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~ Stimulation of the Summit of the Richt 
Ventricular Aspect of the Ventricular 
Septum During Orthodromic Atrioventricular 
Reentrant. Tachycardia 


Jeffrey Goldberger, MD, Yinshi Wang, MD, and Melvin Scheinman, MD 


Application of ventricular premature complexes 


(VPCs) from the right ventricular (RV) apex during 
orthodromic atrioventricular (AV) reentrant tachy- 
cardia has limitations both in the ability to shorten 
the succeeding atrial cycle length and in helping to 
identify accessory pathway location. Stimulation 


- from the summit of the RV aspect of the septum . 


during AV reentrant tachycardia was investigated 
as a new technique to improve the diagnostic utili- 
ty of applying VPCs during AV reentrant tachy- 
cardia. VPCs were induced during AV reentrant 
tachycardia at 10 ms decrements in patients with 
left free wall (n = 15), posteroseptal (n = 5), and 
right free wall (n = 3) accessory pathways from 


- the RV apex and then from the summit of the RV 


septum. When the His was refractory, shortening 


of the atrial cycle length was noted in 13% of pa- - 
tients with left free wall pathways, in 60% of pa- 


tients with posteroseptal pathways, and in 100% 
of patients with right free wall pathways with 
VPCs from the RV apex, and in 47, 100 and 
100%, respectively, with VPCs from the summit 
of the septum. When all VPCs were considered, 
there was a significant shortening of the atrial cy- 
cle length in 67% of patients with left free wall — 
pathways when stimulated from the RV apex, 
which increased to 93% with summit stimulation. 


. An extrastimulus applied on or after the His ef- 


fected a significant shortening of the atrial cycle 
length In no patients with left free wall pathways. 
The mean maximal shortening of the atrial cycle 
length when the His was refractory was 4 + 11 . 
and 9 + 13 ms for left free wall pathways, 29 +. 
30 and 40 + 11 ms for posteroseptal pathways, 
and 35 + 15 and 53 + 35 ms for right free wall 
accessory pathway from the apex (p = 0.006) and 
summit (p = 0.0002), respectively. Stimulation of 
the summit of the RV septum Improves the ability 
of VPCs to shorten the atrial cycle length during 
AV reentrant tachycardia. . 

; (Am J Cardiol 1992;70:78-85) 
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he diagnosis of orthodromic atrioventricular (AV) 
reentrant tachycardia using a bypass tract can be 


` confirmed by-stimulating the ventricle when the - 


His bundle is refractory. When the His is refractory, 
ventriculoatrial conduction can only be negotiated via 
an accessory pathway; thus, advancement of the next 
atrial electrogram: by a ventricular. premature complex 
(VPC) confirms the presence of an accessory pathway. 
Furthermore, if the sequence of atrial activation re- 


the tachycardia circuit most likely includes the accesso- 


~ mains the same as that observed during the tachycardia, 


ry pathway as the retrograde limb. Application of VPCs - 
is generally performed from the right ventricular (RV) ` 


apex. Applicability of this maneuver depends on the 


ability of the VPC to engage and reset the tachycardia. 
` Available data!-> suggest that stimulation from the RV 


apex has only limited applicability for patients with left 


free wall accessory pathways, since during tachycardia 


the pathway may be engaged orthodromically before an 
RV extrastimulus crosses the septum to activate the ac- 


cessory pathway. This study assesses whether applica- 


tion of VPCs during tachycardia: at the summit of the 
RV aspect of the septum (closer to the tachycardia cir- 


cuit) increases the diagnostic yield. In addition, we test- . 


ed whether stimulation of the RV summit may help dif- 
ferentiate posteroseptal from right and left free wall ac- 
cessory pathways. 


METHODS | 
Inclusion criteria for this study were: (1) patients 
undergoing electrophysiologic studies in the drug free 


state between. November 1988 and October 1990; (2) 


the presence of inducible orthodromic AV reentrant 
tachycardia via a single accessory pathway;-and (3) ap- 
plication of VPCs during tachycardia from both the RV 


apex and summit of the RV aspect of the septum. The | 


inclusion criteria were met by 32 patients, 9 of whom 
were excluded because of capture of the atrium during 
stimulation from the summit of the septum (n ='3; Fig- 
ure 1), excessive spontaneous variation in the tachycar- 
dia cycle length (>15 ms beat to beat variation; n = 1), 
or incomplete data acquisition due to technical factors 
(n = 5).. Twenty three patients (15 men, 8 women; 


mean age 33 + 13 years) form the study population. All . 


patients had symptomatic episodes of supraventricular 
tachycardia. 

After written informed consent was obtained, all pa- 
tients underwent standard .electrophysiologic studies in 
the nonsedated, fasting state after cardiac medications 
had been stopped for 25 ane ae cathe- 
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ters (6F USCI) were positioned in the high right atri- 
um, His bundle region and right ventricle through 
sheaths placed in the femoral vein. A multipolar elec- 
trode catheter was positioned in the coronary sinus 
through a sheath placed in either the right internal jug- 
ular or left subclavian vein. Electrocardiographic leads 
I, II, aVF, and V, and the intracardiac electrograms 
(bandpass filters 30 to 250 Hz) were displayed on an 
oscilloscope and recorded at a paper speed of 100 
mm/s. Pacing was performed with a programmable 
stimulator (Bloom Associates, Reading, Pennsylvania) 
using rectangular stimuli at twice the diastolic threshold 
with a stimulus duration of 2 ms. Standard techniques 
for the induction of supraventricular tachycardia were 
used.* If supraventricular tachycardia was not induced 
in the baseline state, intravenous isoproterenol (1 to 2 
pg/min) was begun and tachycardia was induced with 
programmed stimulation. AV junctional reentrant 
tachycardia was ruled out as the mechanism for tachy- 
cardia by the presence of (1) a ventriculoatrial time 
during tachycardia of >61 ms in the His bundle record- 
ing’ and eccentric retrograde atrial activation during 
tachycardia, or (2) by the ability to preexcite the atrium 
during tachycardia with.a VPC applied when the His 
bundle was refractory. 

Mapping of retrograde atrial activation was per- 
formed during orthodromic AV reentrant tachycardia 
in the right atrium with a modified Brockenbrough 
catheter and in the coronary sinus with a multipolar 
electrode catheter. Left free wall accessory pathways 
were defined by the earliest retrograde atrial activation 
occurring within the coronary sinus. If the earliest acti- 
vation was within 5 mm of the coronary sinus os, the 
pathway was designated posteroseptal. If the earliest ac- 
tivation was 5 mm to 3 cm from the os, the pathway 
was defined as left posterior. If the earliest activation 
was distal to this point, the pathway was labeled left 
lateral. Because there was no difference in the data for 
left posterior versus lateral pathways, they were includ- 
ed together in the data analysis. Right-sided pathways 
were defined by the earliest retrograde atrial activation 
occurring in the right atrium. 

During orthodromic AV reentrant tachycardia, dias- 
tole was scanned with single VPCs starting in late dias- 
tole and then at 10 ms decrements. Stimulation was 
first performed from the RV apex at twice the diastolic 
threshold. Stimulation was then repeated from the His 
bundle catheter, in effect stimulating the summit of the 
RV septum. The stimulating current was increased until 
ventricular capture was obtained. If capture could not 
be obtained from the standard His bundle recording po- 
sition, the catheter was advanced slightly to make con- 
tact with the RV septal myocardium. 

VPCs were applied from both the RV apex and 
summit of the RV aspect of the septum to examine the 
ability to advance the succeeding atrial electrogram. 
Ideally, while using this technique, VPCs need to be ap- 
plied while the His bundle is refractory.! The minimal 
normal anterograde His to ventricular conduction time 
is 35 ms.® Assuming a similar minimal retrograde inter- 
val, a VPC applied 35 ms before the His deflection 
should arrive when the His bundle is already commit- 





ted. This is clearly a conservative figure since intraven- 
tricular conduction time is excluded. For purposes of 
this study, we accepted extrastimuli up to 35 ms preced- 
ing the His bundle (i.e., an SH interval of 35 ms) as 
occurring when the His bundle is definitely refractory. 

The following intervals were defined and recorded 
(Figure 2): (1) The VS interval was defined as the in- 
terval from the preceding ventricular depolarization to 
the stimulus artifact. (2) The VH interval was defined 
as the interval from the preceding ventricular depolar- 
ization to the His bundle potential. If the His bundle 
deflection was obscured by the pacing artifact, the VH 
interval was obtained from the complex just preceding 
the VPC. (3) The SH interval represents the interval 
from the stimulus to the His deflection and was calcu- - 
lated by subtracting the VS interval from the VH inter- 
val. Positive numbers indicate the stimulus preceded the 
His bundle and negative numbers indicate the stimulus 
followed the His. (4) The change in atrial cycle length 
induced by the VPC was recorded. The shortening of 
the atrial cycle length was considered significant only if 
this parameter was =15 ms. (5) The shortening of the 
atrial cycle length was adjusted for the degree of pre- 


FIGURE 1. Simultaneous recordings of surface electrocardio- 
graphic leads V;, I, il and aVF with intracardiac recordings 
from high right atrium (HRA), distal (HBEd) and proximal 
(HBEp) His bundle electrograms, and proximal (CSp) and dis- 
tal (CSd) coronary sinus in patient with posteroseptal accesso- 
ry pathway. Attempt at inducing premature ventricular com- 
plex from summit of right ventricular septum is demonstrated. 
There is no ventricular capture, but sequence of retrograde 
atrial activation is changed from that during tachycardia. Note 
that atrial electrogram in coronary sinus appears on time far- 
row), despite advancement of atrial electrogram in high right 
atrium recording. Observed shortening of atrial cycle length is 
due to capture of low septal right atrium at high current 
strength used. 
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maturity of the VPCs by subtracting the SH interval 
from the observed change in atrial cycle length. Thus, 
an early VPC (large S4 interval) that advanced the atri- 
al electrogram by 20 ms had a smaller adjusted shorten- 
ing of the atrial cycle length than a late VPC (large S4 
interval) that advanced the succeeding atrial electro- 
gram by 20.ms. Miles et al’ examined only the degree 
of prematurity required to shorten. the atrial cycle 
length. without accounting for the magnitude of the 
change in the atrial cycle length. Thus, the adjusted 
shortening of the atrial cycle length was designed to ac- 
count for both the degree of prematurity.(SH interval) 
and the magnitude of the change in the atrial cycle 
length. (6) The preexcitation index was calculated as 
described by Miles et al’ as the difference between the 
tachycardia cycle length and the longest VS interval as- 
sociated with a significant shortening of the atrial cycle 
length.. l 

- Statistical analysis: Two separate analyses were. per- 
formed. The first analysis examined only the data for an 
SH interval <35 ms, when the His bundle was definite- 
ly committed and refractory. The second analysis evalu- 
ated the data for all SH intervals, which is an analysis 
that has been used previously.’ In this analysis, the His 
bundle may or may not have been refractory. However, 
to ensure that any observed shortening of.the atrial cy- 
cle length was secondary to conduction through the by- 
pass tract, we required that the sequence of retrograde 
atrial activation .be identical.to that during the tachy- 
cardia. All data are presented as mean + standard devi- 
ation. Group means for each of the accessory pathway 





locations were compared using an analysis of variance. 
Scheffe’s procedure was used to compare the differences 
among the 3 groups when a significant result was ob- 
tained. Repeated-measures analysis of variance was 
used to compare the means within each group. Categor- 
ic data were evaluated using an exact binomial test for 
correlated proportions. Differences were considered sta- 
tistically significant at p <0.05. 


RESULTS | “> 
- Baseline characteristics of the patients are depicted 
in Table I. l l 
Stimulation when His bundle is refractory (SH inter- 
val <35 ms): POSTEROSEPTAL ACCESSORY PATHWAYS: A 
significant shortening of the atrial cycle length was 
found in 3 of the 5 patients with posteroseptal pathways 
with RV apical stimulation and in all patients when 
stimulated from the summit of the septum (Figure 3). 
One of the patients who had no atrial preexcitation 
when VPCs were applied from the RV apex had a rapid 
tachycardia (cycle length 245 ms) and the maximal SH 
interval achieved was only 15 ms because of ventricular 
refractoriness. The other patient had a tachycardia cy- 
cle length of 320 ms but the maximal SH interval 
achieved was only. 10 ms because of tachycardia termi- 
nation. In this patient, the máximal SH interval 
achieved with VPCs from the summit of the. RV septum 
was 0 ms, but this extrastimulus which was coincident 
with the His deflection advanced the succeeding atrial 
electrogram by 25 ms. The mean induced shortening of 
the atrial cycle length was 29 + 30 ms (range 30 to 70) 
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FIGURE 2. Simultaneous recordings of 
surface electrocardiographic leads V4, I, Ill 
and aVF with intracardiac recordings from 
high right atrium (HRA), distal (HBEd) and 
proximal (HBEp) His bundle electrograms, 
and coronary sinus (CS) in patient with left 
free wail accessory pathway. Single ven- 
tricular extrastimulus from right ventricu- 
lar apex (arrow) during tachycardia does 
not change atrial cycle length (290 ms). 
VH and VS intervals are also displayed. 
SH interval is calculated as difference be- 
tween VH and VS intervals. SH interval is 
40 ms. 
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when VPCs were applied at the RV apex, and 40 + 11 
ms (range 25 to 55) when they were applied at the sum- 
mit of the RV septum (p = not significant [NS]). VPCs 
applied on-or after the inscription of the His potential 
resulted in shortening of the atrial cycle length in 4 of 5 
patients when applied from the summit of the septum 
and in only 2 of 5 patients when applied from the RV 
apex. Figure 4 shows a VPC applied from the RV apex 
15 mis before the onset of the His potential with no 
change in the atrial cycle length. In Figure 5, when the 
VPC is applied from the summit of the RV septum 15 
ms after the onset of the His potential, there is a 30 ms 
shortening of the atrial cycle length. 

= RIGHT FREE WALL ACCESSORY PATHWAYS: All 3 pa- 
tients with right free wall pathways had a significant 
shortening of the atrial cycle length when extrastimuli 
were induced from either the RV apex or the summit of 
the septum. The mean induced shortening of the atrial 
cycle length was 35 + 15 ms (range 20 to 50) when 
VPCs were applied at the RV apex, and 53 + 33 ms 
(range 15 to 75) when applied at the summit of the 
septum (p = NS). VPCs applied on or after the inscrip- 
tion of the His potential resulted in shortening of the 
atrial cycle length in only 1 patient when applied from 
the summit of the septum and in 2 of 3 patients when 
applied from the apex. 

_ LEFT FREE WALL ACCESSORY PATHWAYS: With an SH 
interval <35 ms, only 2 patients (13%) with left free 
wall pathways had a significant shortening of the atrial 
cycle length during. stimulation from the RV apex (Fig- 
ure 3). In contrast, with stimulation from the summit of 
the RV septum, 6 patients (an additional 5) showed ad- 
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FIGURE 3. Diagnostic use of applying ventricular premature 
complexes from right ventricular apex, summit of right ven- 
tricular septum, and both during orthodromic atrioventricular 
reentrant tachycardia. For patients with left free wall accesso- 


ry pathways, diagnostic use is displayed when extrastimul 
are applied when His bundle is refractory (SH ppg pe 


TABLE I Baseline Characteristics of the 23 pane in the 
Study l 


Age (yr) 
& Sex 


TCL 
(ms) 


Ablation 
Method 


Pathway 
_ Location 


Concealed 


300 
270 
320 
290 
395 
380 
300 
280 
320 
300 
290 
405 
380 
405 
380 
245 
290- 
325 
310 
320 
_ 305 
450 
315 
_ Patients who underwent successful surgical or catheter ablation procedures are 


indicated. 
TCL = tachycardia cycle length. 


Left lateral 
Left lateral 
Left lateral 
Left lateral 
Left lateral 

~ Left lateral 
Left lateral 
Left lateral 
Left lateral 
Left lateral ` 
Left lateral 
Left posterior 
Left posterior 
Left posterior 
Left posterior 
Posteroseptal 
Posteroseptal 
Posteroseptal 
Posteroseptal 
Posteroseptal 
Right free wall 
Right free wall 
Right free wall 


Surgical 


Surgical 
Surgical 


Surgical 


Catheter 
. Catheter 


Catheter 
Surgical 
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of surface electrocardio- 
graphic leads V;, I, Hl and aVF with intracardiac recordings 
' from high right atrium (HRA), proximal His bundle electro- 
grams (HBEp), and proximal (CSp) and distal (CSd) coronary | 


FIGURE 4. Simultaneous 


sinus in patient with posteroseptal accessory pathway. Single 
ventricular extrastimulus applied at the right ventricular apex 
(RVA) (arrow) during tachycardia does not change atrial cycle 
length. SH interval is 10 ms. 
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FIGURE 5. Simultaneous recordings of 
surface electrocardiographic leads V4, I, II 
and aVF with intracardiac recordings from 
right atrium (HRA), proximal 
bundle electrograms (HBEp), proximal 
(CSp) and distal (CSd) coronary sinus in 
same patient as in Figure 4. Single ven- 
tricular extrastimulus applied at summit of 
right ventricular septum during tachycar- 
dia shortens atrial cycle length by 30 ms. 
SH interval is —20 ms. Stimulus is applied 
20 ms after inscription of His potential. 
RVA = right ventricular apex. ‘ 


FIGURE 6. Simultaneous recordings of . 
surface electrocardiographic leads V;, I, H 
and aVF with intracardiac recordings from 
the high right atrium (HRA), distal (HBEd) 
and proximal (HBEp) His bundle electro- 
grams, and coronary sinus (CS) in same 
patient as in Figure 2. Single ventricular 
extrastimulus applied at summit of right 
ventricular septum (arrow) shortens atrial. 
cycle length by 20 ms. SH interval is 

30 ms. 








vancement of the next atrial depolarization (Figure 3). 
Figures 2 and 6 demonstrate a typical case in which a 
VPC applied from the RV apex failed to shorten the 
atrial cycle length and a VPC applied from the summit 
of the RV septum did. Thus, application of VPCs from 
both the summit of the RV septum and the RV apex 
significantly improved the diagnostic yield of this ma- 
neuver (p <0.05) in patients with left free wall path- 


ways. Nevertheless, 8 patients (53%) demonstrated no. 


significant shortening of the atrial cycle length when 
VPCs were applied from either site with an SH interval 
<35 ms. The mean induced shortening of the atrial cy- 
cle length was 4 + 11 ms when VPCs were applied at 
the RV apex, and 9 + 13 ms when VPCs were applied 
at the summit of the septum. The maximal shortening 
of the atrial cycle length noted while the His bundle was 
refractory was 20 to 40 ms when VPCs were applied 
from the RV apex and 15 to 30 ms from the summit of 
the septum. The mean tachycardia cycle lengths for the 
patients who had atrial preexcitation when VPCs when 
applied from the summit of the septum was 351 + 44 
ms, and for patients who did not have atrial preexcita- 
tion it was 327 + 52 ms (p= NS). An SH interval of 
30 to 35 ms was achieved in all patients with VPCs 
from the RV apex, and in 13 of 15 patients with VPCs 
from the summit of the RV septum. One of these 2 
patients with a maximal SH interval <30 ms had atrial 
preexcitation. : 

The mean shortening of the atrial cycle length 
among the 3 accessory pathway locations were signifi- 
cantly different (p = 0.006 for the RV apex and p = 
0.0002 for the summit of the septum). However, further 
analysis revealed no significant difference between pos- 
teroseptal and right free wall pathways. There were no 
significant differences in the shortening of the atrial cy- 
cle lengths obtained by VPCs applied from the RV apex 
versus the summit of the RV septum for each accessory 
pathway location. When the data were analyzed taking 
into account the fact that an SH interval of 30 to 35 ms 
was not attained in all patients (using the adjusted 
shortening of the atrial cycle length) identical results 
were obtained. . | 

No shortening of the atrial cycle length was noted 
when the VPC was applied on or after the inscription of 
the His recording (i.e., an SH interval <0) in patients 
with left free wall pathways. In contrast, a. significant 
shortening of the atrial cycle length was noted in all 


patients with posteroseptal pathways and in 2 of 3 pa- | 


tients with right free wall pathways with VPCs applied 
on or after the inscription of the His recording from 
both RV sites. l 

_ Stimulation when His bundle is not necessarily re- 
fractory (all SH intervals): POSTEROSEPTAL AND RIGHT 
FREE WALL ACCESSORY PATHWAYS: When VPCs resulting 
in SH intervals >35 ms were included for analysis, 
there was no change in the number of patients with pos- 
teroseptal or right free wall pathways having a signifi- 
cant shortening of the atrial cycle length for either RV 
stimulation site. The maximal shortening of the atrial 
cycle length in patients with posteroseptal pathways was 
36 + 36 ms from the RV apex and 44 + 14 ms from 
the summit of the septum {p = NS). These were associ- 


3 


ated with SH intervals of 30 + 22 and 21 + 24 ms, 
respectively (p = NS). The maximal shortening of the 
atrial cycle length in- patients with right free wall path- 
ways was 48 + 12 ms from the apex and 63 + 44 ms 
from the summit (p = NS). These were associated with 
SH intervals of 40 + 44 and 38 + 37 ms, respectively 
(p = NS). 

LEFT FREE WALL ACCESSORY PATHWAYS: The atrial 
electrogram could not be advanced by a VPC applied 
at the RV apex in 5 patients (maximal SH intervals 
achieved 30 to 70 ms). When VPCs were applied at the 
summit of the septum, the atrial electrogram could 
not be advanced in 4 patients (maximal SH intervals 
achieved 10 to 55 ms). With use of both sites, signifi- 
cant shortening of the atrial cycle length was noted in 
14 of 15 patients with left free wall pathways (Figure 
3). Thus, a significant shortening of the atrial cycle 
length could not be obtained in only 1 patient who had a 
left lateral accessory pathway and a tachycardia cycle 
length of 290 ms. In this patient, the maximal SH inter- 
val obtained from VPCs applied at the RV apex was 70 
ms and with VPCs from the summit of the septum it 
was 45-ms. The maximal] shortening of the atrial cycle 
length observed in these patients was 24 + 23 ms from 
the apex and 37 + 35 ms from the summit of the sep- 
tum (p = NS). These were associated with SH intervals 
of 63 + 27 and 62 + 36 ms, respectively (p = NS). The 
tachycardia cycle lengths for patients who demonstrated 
atrial preexcitation were 348 + 50 and 343 + 51 ms 
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FIGURE 7. Maximum adjusted shortening of atrial cycle 
length (AA) and preexcitation index plotted for patients with 
left free wall (LEFT), posteroseptal (PS) and right free wall 
(RIGHT) accessory pathways when extrastimuli were applied 
at right ventricular apex (APEX), and summit of right ventric- 
ular septum (SUMMIT). 
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versus 314 + 42 and 318 + 42 ms for those that did not 
(p = NS) when VPCs were applied from the RV apex 
and summit of the septum, respectively. 

No significant differences were noted among the 
maximal shortening of the atrial cycle lengths for each 
of the accessory pathway locations. However, when the 
shortening of the atrial cycle lengths were adjusted for 
the variable prematurity of the VPCs that achieved the 
maximal shortening of the atrial cycle length (using the 
adjusted shortening of the atrial cycle length), several 
findings were noted (Figure 7). For patients with left- 
sided accessory pathways, the adjusted shortening of the 
atrial cycle length was —39 + 20 ms for VPCs applied 
from the RV apex and —25 + 20 ms from the summit 
of the septum (p <0.05). The negative numbers indicate 
that earlier VPCs were required to advance the succeed- 
ing atrial electrogram by smaller amounts. For patients 
with posteroseptal pathways, the adjusted shortening of 
the atrial cycle length was 6 + 22 ms for extrastimull 
applied from the RV apex and 23 + 21 ms from the 
summit of the septum (p = NS). For patients with right 
sided pathways, the adjusted shortening of the atrial 
cycle length was 8 + 32 ms for extrastimuli applied 
from the RV apex and 25 + 23 ms from the summit of 
the septum (p = NS). The adjusted maximal shortening 
of the atrial cycle lengths were significantly different 
among the 3 groups (p = 0.0005 for the RV apex and 
p = 0.0001 for the summit of the septum). Again, fur- 
ther analysis revealed no significant difference between 
the posteroseptal and right-sided pathways. The differ- 
ence in the adjusted shortening of the atrial cycle 
lengths obtained for all patients by VPCs applied at the 
RV apex and the summit of the RV septum was 14.5 
ms (p = 0.006). This represents the difference in ven- 
triculoatrial conduction times from VPCs induced at 
the summit of the RV septum and those induced at the 
RV apex. 

' Preexcitation index: The preexcitation index (Fig- 
ure 7) for patients with left free wall pathways was 88 
+ 21 ms when VPCs were applied from the RV apex 
and 86 + 15 ms when they were applied from the sum- 
mit of the RV septum (p = NS). In patients with pos- 
teroseptal and right free wall pathways, the preexcita- 
tion index was 52 + 12 and 45 + 13 ms from the RV 
apex and 41 + 20 and 53 + & ms from the summit of 
the RV septum, respectively (p = NS). The preexcita- 
tion indexes were significantly different among the 3 
groups (p = 0.004 for the RV apex and p = 0.0001 for 
the summit of the septum). However, there was no sig- 
nificant difference in the preexcitation indexes between 
patients with posteroseptal and right free wall path- 
ways. There was also no significant difference between 
the preexcitation indexes calculated from VPCs applied 
at the RV apex and those calculated from VPCs applied 
at the summit of the RV septum. 


DISCUSSION 
In this study, we compared stimulation of the RV 
apex versus the summit of the RV aspect of the septum 
in patients with orthodromic AV reentrant tachycardia. 
Left free wall pathways: In our study, applying sin- 
gle VPCs from the RV apex during AV reentrant 


tachycardia in patients with left free wall pathways 
preexcited the atrium in only 13% of patients. Previous 
studies'~ have reported a 14 to 20% diagnostic yield 
when analyzing this technique in patients with left free 
wall pathways. In these studies, when VPCs were ap-. 
plied from the left ventricular free wall, a significant 
shortening of the atrial cycle length was noted in 95 to 
100% of the patients. In a previously reported patient! 
with a left free wall pathway, a VPC induced in the RV 
outflow tract shortened the atrial cycle length more 
than a VPC induced from the RV apex. We therefore 
hypothesized that stimulation from the summit of the 
RV septum, which is closer to the reentrant circuit, 
would be more likely to advance the succeeding atrial 
electrogram. The addition of this technique did dramat- 
ically increase the incidence of a significant shortening 
of the atrial cycle length from 13 to 47%. Furthermore, 
when VPCs of all degrees of prematurity in which the 
sequence of retrograde atrial activation was unchanged 
from the sequence during tachycardia were considered, 
the diagnostic use of applying VPCs only from the RV 
apex was 67%, and increased to 93% when VPCs were 
applied from both the RV apex and summit of the sep- 
tum. Shortening of the atrial cycle length was not ob- 
served in only 1 patient, probably related to his rapid 
tachycardia and the far left lateral location of his acces- 
sory pathway. The only other reported method that im- 
proves the diagnostic use of applying VPCs during 
tachycardia involving a left free wall accessory pathway 
is applying double ventricular extrastimuli from the RV 
apex.2 This technique increased the diagnostic yield 
from 45 to 62%. Thus, inducing VPCs from both the 
RV apex and the summit of the RV septum, and re- 
cording the data for all degrees of prematurity where 
the atrial activation sequence is identical to that during 
tachycardia, is the diagnostically most useful RV stimu- 
lation technique available in patients with left free wall 
accessory pathways. 

Several factors determine whether a particular VPC 
will gain entrance in the tachycardia circuit early 


_ enough to influence the next atrial activation, including 


the conduction time from the stimulation site to the 
tachycardia circuit, the rate of the tachycardia, and the 
refractoriness of the stimulated tissue. Given the excel- 
lent results obtained in previous studies!? when extra- 
stimuli were applied from the left ventricle, the poor 
performance of pacing from the RV apex is at least par- 
tially due to the time needed for transseptal activation. 
Weiss et al® compared ventriculoatrial conduction times 
in patients with accessory pathways during orthodromic 
AV reentrant tachycardia and using RV apical extra- 
systoles. In patients with left free wall pathways, the 
ventriculoatrial times increased a mean of 46 ms after 
RV extrasystoles, whereas in patients with septal path- 
ways, the mean difference in ventriculoatrial times was 
0 ms. The difference in ventriculoatrial times observed 
in patients with left free wall pathways is likely due to 
transseptal activation time. Similarly, Miles et al’ found 
that in patients with left free wall pathways, an RV 
VPC had to be an average of 88 ms premature to first 
advance the succeeding atrial electrogram during tachy- 
cardia, whereas in patients with posteroseptal pathways, 
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the VPC only needed to be 38 ms premature. Our ob- 
servations confirm these findings. 

The improved diagnostic use of applying VPCs from 
the summit of the RV septum is likely due to being 


- Closer to the accessory pathway. The ventriculoatrial 


" 


t 


conduction time from extrasystoles applied at the sum- 
mit of the septum was a mean of 14 ms shorter than 
when applied at the RV apex. Because of the 14 ms 
“head start,” a greater number of patients will have a 
significant shortening of the atrial cycle length with an 
SH interval £35 ms when extrastimuli are applied at 
the summit of the RV septum than at the RV apex. 
Similarly, there is an increased probability of having a 
significant shortening of the atrial cycle length with any 
SH interval, before impinging on ventricular refractori- 
ness. 

Posteroseptal and right free wall pathways: In pa- 
tients with left free wall pathways, the sequence of ret- 
rograde atrial activation is eccentric and, by itself, is 
diagnostic of the presence of an accessory pathway. 
However, in patients with posteroseptal pathways, the 
sequence of retrograde atrial activation during tachy- 
cardia may be consistent with normal retrograde AV 
nodal conduction? and bundle branch block may not 
have a significant effect on the ventriculoatrial conduc- 
tion times. Furthermore, patients with atypical AV 
junctional reentrant tachycardias may have a similar 
atrial activation sequence during tachycardia.!® In pa- 
tients with posteroseptal accessory pathways, a VPC ap- 
plied during tachycardia to the summit of the RV sep- 
tum while the His bundle was refractory advanced the 
next atrial depolarization in all patients. If VPCs were 
applied only from the RV apex, atrial preexcitation 
would not have been achieved in 2 of the 5 patients. 

Because of the observed overlap in the adjusted 
shortening of the atrial cycle lengths and preexcitation 
indexes for all accessory pathway locations (Figure 7), 
these parameters cannot totally differentiate these 3 
types of accessory pathways. However, a VPC applied 
at the summit of the RV septum on or after the inscrip- 
tion of the His potential is most likely to shorten the 
atrial cycle length in a patient with a posteroseptal 
pathway and unlikely to affect the atrial cycle length in 
a patient with a left free wall pathway (not observed in 
any of our patients with stimulation from either RV 
site). 

Study limitations: Stimulation of the summit of the 
RV septum needs meticulous attention to technical de- 
tails. This technique cannot be used when the summit of 
the septum cannot be paced without simultaneous cap- 
ture of the low septal right atrium. When stimulating 
from the summit of the septum, it is critical to ensure 
that the sequence of retrograde atrial activation remains 
unchanged and that there is ventricular capture (Fig- 
ure 1). 


Summary and clinical implications: In summary, we 
found that stimulation from the summit of the RV sep- 
tum markedly enhances proof of left sided accessory 
pathway participation in the tachycardia compared with 
stimulation from the RV apex. Although the presence 
of a left-sided accessory pathway can be established by 
various means, proof that it participates in the tachycar- 
dia circuit is more difficult to attain. We have found 
that RV stimulation from both the apex and the summit 
of the septum establishes strong evidence of participa- 
tion of a left free wall accessory pathway and does so 
better than any previously suggested RV stimulation 
techniques. Although stimulation from the summit of 
the RV septum cannot localize an accessory pathway 
with the precision needed for catheter ablation, this 
technique may also be critical in identifying the pres- 
ence of an accessory pathway and its approximate loca- 
tion during limited electrophysiologic studies if record- 
ings of left atrial activity are not obtained (i.e., diffi- 
culty in cannulating the coronary sinus). Finally, dis- 
tinguishing orthodromic AV reentrant tachycardia us- 
ing a posteroseptal accessory pathway from atypical AV 
nodal reentrant tachycardia may be difficult, because 
they both have similar atrial activation sequences and 
may have similar ventriculoatrial conduction times. 
Only stimulation from the summit of the RV septum 
resulted in shortening of the atrial cycle length in all 
patients with posteroseptal accessory pathways, making 
it a useful technique to differentiate these tachycardias 
from atypical AV nodal reentrant tachycardia. 
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Ao 


. The prevalence, characteristics and circadian pat- 
tern of silent myocardial ischemia, and its associa- - 
' -served in patients with demonstrated coronary artery 


tion.with ventricular arrhythmias was studied i in 


hypertensive men aged 35 to 70 years (mean 61) | . 


. without clinical cardiac disease. Participants were 
withdrawn from diuretic treatment.and received 1 
month of oral electrolyte.repletion with 40 mmol 
of potassium chloride, and 400 mg of magnesium 
oxide daily. Twenty-four-hour Holter monitoring ) 
was then performed. Episodes of silent myocardial 
ischemia occurred in 50 of 186 men (27%) and . 
lasted from 2 to 289 minutes (mean 30 and medi- 


an 18). Statistical analysis comparing the interval | 


from midnight to 6 A.M. with each of the other 
three 6-hour time intervals revealed that partici-__ 
pants were less likely to have silent myocardial - 
ischemia in this period (p <0.01 for each compari- 
son) than at other times of the day. There was lit- 
tle difference in the proportion of men with a fre- | 
quent.or complex ventricular arrhythmia: during 
the entire day or within 1 hour of the silent myo-. 

` cardial ischemic episode (or during a comparable 
time period) comparing those with to those with- 


out silent myocardial ischemia. These findings.in- — 


dicate that silent myocardial ischemia occurs in 
approximately 25% of an older population of hy- 

- pertensive men without history of symptomatic 
cardiac disease. The circadian pattern of frequen- 
cy of silent ischemic events in men free of clinical 
cardiac disease is similar to that reported for pa- 
tients with cardiac disease and coincides with that 
reported for sudden death. There.was no signifi- 
cant àssociation between silent myocardial isch- 
emia and ventricular arrhythmias. 


(Am J Cardiol 1992;70: 0:86-90) 
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ransient myocardial ischemia in the absence of an- 
T gina or other cardiac symptoms has been labeled- 
silent myocardial ischemia and is usually ob- 
disease (CAD).!+-4 Myocardial ischemia, whether silent . 
or symptomatic, is.associated with changes in myocardi- 
al. perfusion, wall motion abnormalities and hemody-. | 
namic. evidence of myocardial impairment.2» It is also 
associated with an, increased risk of death for several 
categories of CAD patients including those after- myo- ` 
cardial infarction and with unstable angina.6-8 Less. is . 
known about the prevalence of silent myocardial isch- - 
emia in patients with risk factors for CAD but without — 
clinical cardiac disease, even though these persons are . 
also at increased risk for cardiac death. Furthermore, - 
the role of silent myocardial ischemia in the develop- -, 
ment of lethal ventricular arrhythmias is not known, al- ` 
though studies have shown that the presence of ventric- 
ular arrhythmias on resting electrocardiogram or 24- - 


hour Holter monitoring is associated with a significant ` 
_ increase in mortality, even in patients with no history of 


angina or myocardial infarction.?:!° If silent myocardial 


ischemia is associated with ventricular. arrhythmias in - 


asymptomatic ‘but high-risk patients, intervention stud- 
ies designed to evaluate the benefit, of reversing silent 
myocardial ischemia with.the aim of decreasing ventric- 
ular arrhythmias and thus presumably the risk of cardi- 
ac death would be indicated.. We evaluated silent myo- 
cardial ischemia on 24-hour ambulatory Holter moni- 

toring in hypertensive men who had been withdrawn 


_ from diuretic therapy, and repleted with oral potassium 


and magnesium for 1 month. Men with a history of an- 


"gina. or myocardial infarction’ were eliminated from -. 
` analysis. This study design enabled us to evaluate the 
`: prevalence and pattern of silent -myocardial ischemia, : 
and its association with ventricular arrhythmias, in an - 


asymptomatic population of hypertensive men free of 
electrolyte a and clinical cardiac disease. 


METHODS | 

Study sample and design overview: Details of the 
study design and participant selection process were pre- 
viously presented. l Briefly, the Hypertension Arrhyth- 
mia Reduction Trial is a clinical trial designed to assess 


the frequency and severity of ventricular arrhythmias 


associated with the use of various diuretic combinations. 
Hypertensive men aged 35 to 70 years with resting elec- 
trocardiographic abnormalities were selected as study 


subjects, because the Multiple Risk Factor Intervention 
. Trial suggested that ea may be especially at risk for. 
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sudden death with diuretic use.!* The portion of the 
study described in this report was performed after diu- 
retic withdrawal and electrolyte repletion (see later). 
The study group was recruited both from clinical popu- 
lations and by a direct mail campaign. Subjects were 
included in the study if they were receiving diuretics for 
26 months and had a diastolic blood pressure <95 mm 
Hg, or if they were not receiving diuretic therapy, but 
had history of hypertension and were either receiving 
nondiuretic antihypertensive drugs or had a diastolic 
blood pressure =90 but <105 mm Hg. ~ 

We excluded men who were receiving medications 
that may influence the development of ventricular ar- 
rhythmias, such as antiarrhythmic drugs, 8 blockers, 
theophylline and digitalis preparations, phenothiazines 
and tricyclic antidepressants. We also excluded men 
with history of myocardial infarction, congestive heart 
failure, angina pectoris, renal insufficiency (creatinine 
>2 mg/dl) or other serious illness (including psychiatric 
disability), or inability or unwillingness to give informed 
consent. Men with electrocardiographic findings (left 
ventricular hypertrophy and left bundle branch block) 
that would make interpretation of silent myocardial 
ischemia on Holter recordings difficult were also ex- 
cluded. 

Subjects were withdrawn from diuretic treatment 
and received 1 month of oral electrolyte repletion with 
both 40 mmol of potassium chloride and 400 mg of 
magnesium oxide (containing 241 mg of elemental 
magnesium) daily. Serum potassium and magnesium 
were then measured, and a continuous 24-hour Holter 
monitoring test was performed. 

Continuous Holter monitoring: Continuous 24-hour 
Holter monitoring was performed using the Cardio- 
techorder III dual lead system with a frequency re- 
sponse of 0.5 to 100 Hz, thereby meeting the American 
Heart Association’s specifications for heart rate and 
ST-segment changes.!? The electrocardiogram was re- 
corded continuously on tape using a cassette system. 
The 2 lead systems used were V; and V}. Patient elec- 
trodes were selected to minimize patient discomfort, 
noise, skin-electrode impedance, polarization or other 
malfunction. 

Tapes were sent to Cardio Data Systems (Haddon- 
field, New Jersey) for analysis. Whole tapes were print- 
ed at high speed on recording paper using the Cardio 
Data Corporation Mark IV Holter Analyzer. Specific 
areas of interest were printed at real time and evaluated 
by an analyst. Abnormal ST-segment changes were de- 
fined as 2.1 mm of ST-segment depression occurring 80 
ms after the J point, lasting for 21 minute and sepa- 
rated from other episodes by 21 minute. The onset and 
end of each episode was measured at the point of first 
deviation from the baseline. 

For arrhythmia analysis, specific areas of interest 
(identified by irregularity in the QRS pattern) were 
printed at real time and evaluated by an analyst. Ven- 
tricular arrhythmias were classified (in a manner simi- 
lar to that of Lown et al)!4 according to the presence of 
the following arrhythmia types: ventricular premature 
complexes, multiform extrasystoles, ventricular cou- 
plets, ventricular tachycardia, and R-wave on T-wave 


ventricular premature complexes. We created a summa- 
ry category of the presence of a frequent (2.30 ventricu- 
lar premature complexes/hour) or complex (presence in 
24 hours of any of the following: multiform extrasys- 
toles, ventricular couplets or tachycardia, or R-wave on 
T-wave ventricular premature complexes) ventricular 
arrhythmia for 21 of 24 hours. The precision of these 
measurements is indicated by their within-individual 
correlation of ventricular arrhythmias on continuous 24- 
hour Holter monitoring before and after diuretic treat- 
ment; kappa coefficients for the whole cohort were 0.74 
(95% confidence interval 0.61, 0.88) for the presence of 
230 ventricular premature complexes/hour, and 0.47 
(95% confidence interval 0.33, 0.60) for the presence of 
a frequent or complex ventricular arrhythmia. 

Statistical analysis: Silent myocardial ischemia, 
ventricular arrhythmias and mean heart rate were re- 
corded per hour for a 24-hour period. To determine if 
silent ischemic episodes were associated with the occur- 
rence of ventricular arrhythmias, we compared the fre- 
quency of ventricular arrhythmias that occurred in a 3- 
hour time span surrounding the silent ischemic event 
with that of a randomly assigned, frequency-matched 
(by diurnal distribution of silent ischemia) 3-hour time 
period in control subjects without silent ischemia. Pro- 
portions of participants with a complex or frequent ven- 
tricular arrhythmia in the 1 hour before the silent isch- 
emic event, in the 1 hour after the event and in a 3-hour 
time span (including the hour of the event) were com- 
pared between those with and without silent myocardial 
ischemia using chi-square tests of homogeneity. 

The proportion of participants with silent myocardi- 
al ischemia in 21 hour of each 6-hour time block (6 
A.M. to noon, noon to 6 P.M., 6 P.M. to midnight, and mid- 
night to 6 AM.) was determined. The analysis compar- 
ing the risk of having silent myocardial ischemia at a 
given time of day to that at midnight to 6 A.M. was per- 
formed using a method that takes into account the with- 
in-person correlation among outcomes (silent ischemic 
episodes over time) for each participant. This approach 
(based on generalized linear models) regards. the corre- 
lation among multiple observations in the same subject 
as a “nuisance” parameter.'!5 We used a logit function 
to estimate regression coefficients. and standard errors, 
and an exchangeable correlation matrix that assumes 
correlations, which represent the weighted average cor- 
relation among observed outcomes, are similar over 
time.!© Associations are presented as odds ratios with 
95% confidence intervals. Statistical analysis was per- 
formed using Statistical Analysis System software on an 
IBM 4341 mainframe computer. 


RESULTS 

Study sample: The demographic and clinical char- 
acteristics of the study participants are listed in Table I. 
The study sample included 186 men, of whom 50 (27%) 
had episodes of silent myocardial ischemia. There was 
no difference in age between men with and without si- 
lent ischemia (mean 61 years in both groups). Mean 
serum potassium was 4.3 mEq/liter, and mean serum 
magnesium was 2 mEq/liter in participants both with 
and without silent ischemia, indicating successful reple- 


SILENT MYOCARDIAL ISCHEMIA IN ASYMPTOMATIC MEN 87 


ce -aai aaa a a RE alti 


TABLE 1 Characteristics of Study Sample Comparing 
Participants With and Without Silent Myocardial Ischemia 


Silent Myocardial Ischemia 


Characteristic Present Absent 


Number, 
Age (yn)* 
Race (%) 

Asian 

Black | 

Hispanic 

Indian ` 

White K ce 

Other . 2 . 
Weight (ibs)* ` 181 (27) 192.3 (33)t 
Body mass index* 27 (3) 28 (4)t 
Systolic BP (mm Hg)* 144 (15) 145 (18) 
Diastolic BP (mm Hg)* 85 (10) 88 (10) 
Body surface area (m?)* 1.9 (0.2) 1.9 (0.2) 
Serum potassium* 4.3 (0.3) 4.3 (0.4) 
Serum magnesium* 2.0 (9.2)  - 2.0 (0.2) 
Alcohol! (current, %) 66 
Smoke (%) 

Current 18 

Past 54 

Never. -o E 

Antihypertensive other than diuretic (%) . in 34 
*Mean (SD). 


` ¢p<0.05. - 
BP = blood pressure. 


tion of these electrolytes. In terms of other characteris- 
tics, there was little difference between men with or 
without silent myocardial ischemia, except that those 
without silent myocardial ischemia were heavier and 
had a greater body mass index (p <0.05). 

Echocardiograms were obtained (data not shown). 
Theré was no difference in the proportion of men with 
silent myocardial ischemia, between those who met 
echocardiographic criteria for left ventricular hypertro- 
phy (left ventricular mass index >134 g/m?) and those 
who did not. 

Pattern of silent myocardial ischemic episodes: 
There were 74 episodes of ischemia in 50 participants 
(range 1 to 4 per participant); most participants (64%) 
who had silent myocardial ischemia had only 1 episode 
in 24 hours (data not shown). Silent myocardial isch- 
emic episodes lasted from 2 to 289 minutes (mean 30); 


 % of Silent Ischemic Events 


12 
‘Midnight 


FIGURE 1. Distribution of silent myocardial ischemic episodes 
by time of day. 








TABLE I] Distribution of Ventricular Arrhythmias in 
Participants With and ‘Without Silent Myocardial Ischernia 


Silent Myocardial Ischemia 


Present Absent p Value 


Number 
Any complex or frequent ` 
ventricular arrhythmia 1%)*. 
.Complex or frequent vent-icular 
arrhythmia (%) 
Within + 1 hour of evert 
Within 1 hour after event 
Within 1 hour before event 
*Complex or frequent venti amhythmia defined as presence of any of the 


following: = 30 ventricular premature compiexes/hour, or any of the following grades: 
multiform extrasystole, ventricular couplet or ventricular tachycardia. 


25% of events lasted from 2 to 10 minutes, 50% were 
<18 minutes, and 75% were <38 minutes. 

Figure 1 presents the hour-by-hour frequency of si- 
lent myocardial ischemic episodes. There was a consis- 
tent pattern of less silent myocardial ischemic episodes 
between midnight and 6 a.M. than during other times of 
the day. Statistical analysis comparing each of the other 
three 6-hour time intervals with that from midnight to 6 
A.M. revealed that participants were less likely to have 
silent myocardial ischemia in this period (p <0.01) than 
at other times of day. 

Silent myocardial ischemia and ventricular ceca: 
mias: There was little difference in the proportion of 
participants with a frequent or complex ventricular ar- 
rhythmia on 24-hour Holter monitoring between those 
with (46%) and without (48%) silent myocardial isch- 
emia (Table II). The proportion of men with a frequent 
or complex ventricular arrhythmia within 1 hour of the 
silent myocardial ischemic event was somewhat in- 
creased compared with that of a similar time period in 
participants without silent myocardial ischemia, but the 
differences were not statistically significant. 


DISCUSSION 

Most prior studies of silent myocardial ischemia in- 
cluded large proportions of participants with various 
cardiac disorders. '~+%-8.!7 In our study, men with history 
of angina or myocardial infarction, as well as those with 
electrocardiographic left ventricular hypertrophy, were 
eliminated from analysis, and all participants were re- 
pleted with potassium and magnesium. This enabled us 
to study men without clinical cardiac disease, and to 
avoid the potential effects of deficiencies in potassium 
and magnesium on silent myocardial ischemia and ven- 
tricular arrhythmias. 

In our study, 27% of men had episodes of silent myo- 
cardial ischemia. This is a-much ‘higher proportion of 
participants with silent. myocardial ischemia than that 
noted by Selwyn et al!® in a study of healthy normal 
subjects, where only 2 of 100 participants had horizon- 
tal ST-segment depression on 24-hour Holter monitor- 
ing. Their population included younger men and women 
(age range 20 to 50 years) without hypertension. Simi- 
lar findings to those of Selwyn were noted in another 
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study of healthy younger men and women.!? In another 
study, 11 of 17 asymptomatic men who had ischemic- 
type ST-segment depression (22 mm) during tread- 
mill exercise testing were found to have silent myocardi- 
al ischemia.”° Participants were older (mean age 62 
years), and all but 1 had single or multiple cardiac risk 
factors, in addition to being men. All 11 participants 
with silent myocardial ischemia had significant CAD 
(250% stenosis) on angiography: These findings sug- 
gest that cardiac risk factors are.associated with silent 
myocardial ischemia and that the presence of silent 
myocardial ischemia identifies a group of subjects at 
risk for CAD. Considerable day-to-day variability has 
been noted in the frequency of silent ischemic events in 
patients with CAD as recorded by Holter monitoring.?! 
Thus, our finding of 27% represents the minimum pro- 
portion of patients in our study with silent myocardial 
ischemia. 

Myocardial infarction and idda death do not oc- 
cur randomly throughout the day, but rather in a circa- 
dian pattern with an increased frequency in the morn- 

ing.*2*3 Several physiologic processes such as heart rate, 
coronary blood flow, systemic pressure, platelet aggre- 
gability, plasma cortisol, tissue-type plasminogen activi- 
ty and plasma epinephrine have a similar pattern. We 
previously reported that ventricular arrhythmias be- 
come more prevalent when subjects go from sleep to 
awakening.” We now note that there is a similar circa- 
dian variation in silent myocardial ischemia. This pat- 
tern of silent myocardial ischemia was previously re- 
ported in men with clinical cardiac disease.**>6 Our 
results extend these findings to men with hypertension 
but without symptomatic cardiac disease; they are of 
interest because many episodes of sudden death occur 
as the initial manifestation of cardiac disease.’ | 

Most studies have been unable to document a strong 
association between silent myocardial ischemia and 
ventricular arrhythmias.?® However, 1 study of 15 pa- 
tients who survived out-of-hospital ventricular fibrilla- 
tion found that 12 had exercise-induced silent myocar- 
dial ischemia in the absénce of angina.?? Another study 
found that ventricular arrhythmias were associated with 
18% of silent myocardial ischemic episodes in patients 
with unstable angina.'’ However, in this study there 
was no comparison with the frequency of ventricular ar- 
rhythmias during a similar time period in comparable 
patients without silent myocardial ischemia. In another 
recent report, ventricular arrhythmias were associated 
with ischemic episodes in 10 of 97 participants.2° Again, 
there was no comparison with the frequency of ventricu- 
lar arrhythmias during a similar time period in compa- 
rable patients without silent myocardial ischemia. We 
were unable to demonstrate a statistically significant 
difference in the proportion of participants with ventric- 
ular arrhythmias between those with and without silent 
ischemia. However, our study lacks the power to detect 
small differences in ventricular arrhythmias between 
the 2 groups. If, as our study suggests, there is a 20% 
increase between the proportion of participants with a 
frequent or complex ventricular arrhythmia within 1 
hour, either before or after the silent myocardial isch- 


emic episode, compared with that of a similar time peri- 
od in participants without silent myocardial ischemia, a 
sample size of approximately 1,900 would be needed to 
detect such a small increased risk (based on a 2-sided 
significance level of 0.05, and a power of 80%, and as- 
suming that 25% of-participants had silent ischemic epi- 
sodes). 

Silent myocardial ischemia has been associated with 
a poor prognosis in patients with unstable angina and 
after infarction.®-° Some investigators have suggested 
that patients with silent myocardial ischemia should be 
treated in the same manner as those with classic angi- 
na.3° Whether a similar prognosis is predicted by silent 
myocardial ischemia in patients without clinical cardiac 
disease but with cardiac risk factors and whether these 
patients would benefit from medical or surgical inter- 
vention a further study. 
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Effects of Combined Hydrochlorothiazide and 
Amiloride Versus Single Drug on Changes in 
Salt Taste and Intake 


Richard D. Mattes, PhD, RD, and Karl Engelman, MD 


Hydrochlorothiazide stimulates salt intake without 
altering salivary or gustatory function. Amiloride 
reportedly reduces salivary sodium levels and salt 
taste. It was hypothesized that these unintended 
drug actions would be attenuated by concurrent 
use of these 2 diuretics. Normotensive adults 
(n = 23) were administered placebo for 2 weeks, 
active combination drug Moduretic® for 4 weeks, 
and placebo again for 2 weeks in a double-blind 
protocol. Salivary flow, gustatory function and so- 
dium intake were monitored at the end of each pe- 
riod, together with selected physiologic measures 
(i.e., plasma aldosterone, plasma renin activity, 
body composition, blood pressure and heart rate). 
No significant changes were observed for salivary 
flow, salt taste or sodium intake. These findings 
indicate that amiloride and hydrochiorothiazide 
used in combination can reduce drug effects that 
may compromise the efficacy of either drug when 
used alone. 
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he blood pressure-lowering property of diuretics is 

influenced by the concurrent level of salt use. 

Thiazide diuretics elicit a marked (28 to 64%) 
but unconscious increase in salt intake.!~> This level of 
additional intake is sufficient to compromise the thera- 
peutic efficacy of the agent. No mechanism underlying 
the shift in intake has been elucidated. One possibility 
relates to the potassium wasting associated with thia- 
zides, because amiloride, a potassium-sparing diuretic, 
does not elicit an increase in salt intake.’ The primary 
aim of the present study was to test this hypothesis in 
adult humans by preventing potassium loss in thiazide- 
treated subjects through concurrent administration of 
amiloride. The effects of blocking potassium loss on salt 
taste were also assessed, because this could be related to 
intake. 


METHODS 

Study protocol: The protocol previously used to 
demonstrate the effects of hydrochlorothiazide or amilo- 
ride alone on salt taste and intake was followed for this 
study using the combination drug. The dosage of hy- 
drochlorothiazide and amiloride used separately by sub- 
jects in the prior study was identical to that of the com- 
bination drug used in this study. Baseline characteristics 
of participants in the prior and current studies are pre- 
sented in Table I as evidence that subjects were compa- 
rable-in relevant attributes (¢.g., blood pressure, body 
weight, age and gender distribution). In both studies, 
volunteer subjects were recruited by public advertise- 


` ment and received modest payment. Participants used 


no medication and, based on responses to a question- 
naire containing distracting items to mask the intent of 
the study, did not purposefully restrict salt use. Each 


_ subject had a normal physical exam and appropriate 


clinical laboratory tests. All subjects signed an informed 
consent form. All research procedures were approved by 
the Committee on Studies Involving Human Beings of 
the University of Pennsylvania. 

For the present study, identical tablets containing ei- 
ther active drug (amiloride [5 mg] and hydrochlorothia- 
zide [50 mg] [Moduretic®]) or placebo were provided 
by Merck, Sharp and Dohme. During the 8 weeks after 
entry into the study, subjects were periodically provided 
with vials of pills and instructed to take 1 each morning 
with breakfast. During weeks 1 to 2 (baseline period) 
and 7 to 8 (follow-up period), the vials contained place- 
bo tablets, and during weeks 3 to 6 (active drug period), 
they contained Moduretic. Subjects and research per- 
sonnel administering all tests were unaware of the con- 
tents of the vials. Pill counts at weeks 1, 2, 4, 6 and 8 


_ were used to assess compliance. 
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TABLE I Mean Selected Physiologic Measures of 24 Subjects Treated with 
Hydrochlorothiazide (50 mg/day), 24 Treated with Amiloride (5 mg/day) in a Prior Study,!! 
and 23 at Baseline (end of week 2), After Four Weeks of Active Diuretic Treatment and After 


Two Additional Weeks of Placebo 


Historic Data 


HCTZ Amiloride 


Curren Data 
HCTZ + Amiloride 


Baseline Active Follow-Up 
No. of subjects 24 24 23 
Sex (M/F) 9/15 — 11/13 7/16 
Age (yr) e 2728 — 3146 2445 
Body weight (kg) 67.3 t 8.3 66.8+64 6492+12.8 636+12.4* 64.7 + 11.7 
Blood pressure (mm Hg) l 
Systolic i 11048 106 +8 112 + 12 110 +12 109 + 12 
Diastolic 71+8 . 69+8 66+8 6648 65+ 7- 
Body composition l 
Lean (%) 7627 S45 7627 
Fat (%) 2427 255 2447 
Water (5) 56 +6 55 + 6f 56+6 
Heart rate (beats/min) 7129 73213 69 +7 


žno <0.05 versus baseline and follow-up; tp <0.05 versus follow-up. 


HCTZ = Fydrochlorothiazide. 


meanen o tenanan 


Subjects participated in a battery of tests and proce- 


dures that were performed 3 times during the study 


(second week of baseline, fourth week of drug use, and 
final week of follow-up). Subjects kept a 7-day diet rec- 
ord during each of these weeks, and used preweighed 
salt and pepper shakers for cooking and table use of 
these condiments. Subjects also collected four 24-hour 
urine samples on the last 4 days of the 3 study periods. 
Finally, a blood sample was collected, taste testing was 
conducted, and weight, blood pressure, pulse and body 
composition were. measured on the final day of each pe- 
riod. 

Urinalysis: Subjects collected urine in 2-liter, wide- 
mouthed, plastic containers containing 2 g of boric acid 
(a preservative). Samples were stored in a cool place 
and returned to the laboratory in <3 days. All samples 
were analyzed for total volume, sodium and potassium 
by flame photometry, and for creatinine colorimetrical- 
ly (Sigma diagnostic kit-555). Creatinine was measured 
as an index of the completeness of urine collection. 
Samples were also assayed for plasma renin activity and 
aldosterone concentration by radioimmunoassay as in- 
dexes of diuretic activity. 

Dietary analysis: Subjects were trained to keep diet 
records, using food models and printed materials to pro- 
vide estimates of portion size. Information was recorded 
concerning the type of food ingested, how it was pre- 
pared, and portion size. Records were analyzed by 1 


_ clinician using version 5.0 of the Nutritionist ITI nutri- 


ent database (N-Squared Computing, Salem, Oregon). 


. Sodium derived from discretionary sources (table and 
` cooking) was determined by the use of preweighed 


shakers containing salt “marked” with lithium carbon- 
ate.’ Lithium ‘was added at a concentration where the 
highest expected intake would correspond to only 1% of 
a therapeutic dose and thus would not exert any mea- 
surable influence on taste or vasopressin levels. Subjects 
were instructed to use the shakers in their customary 
fashion during the first 3 days of urine collections. By 
monitoring urinary lithium excretion, it was possible to 
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ascertain the quantity of salt missing from the shaker 
that was actually consumed. The urinary concentration 
of lithium was determined by flame photometry. Pre- 
weighed pepper shakers were also provided to determine 
whether there was any global change in seasoning hab- 
its over the study and to mask the true purpose of pro- 
viding the salt shaker. Except for weeks 5 and 7, dietary 
and health information was obtained weekly by ques- 
tionnaire. 

Body composition: Lean body mass, and body water 
and fat were determined in recumbent subjects by bio- 
electrical impedance analysis (model 101, RJL Systems, 
Detroit, Michigan) to assess the effect of the diuretic on 
fluid balance. Subjects were weighed in light, indoor 
clothing on a balance scale. 

Taste tests: Taste recognition thresholds, perceived 
intensity ratings and hedonics were determined for . 
salty, sweet and sour solutions by previously reported 
procedures.® Thresholds were determined by a staircase 
procedure. Whereas samples representing the 3 qualities 
were intermixed, a total of 7 trials were presented for 
each quality. Samples (10 ml) were presented in in- 
creasing or decreasing concentrations until correct or in- 
correct identifications were obtained, respectively. The 
geometric mean of the last 6 trial inflection points was 
the estimate of threshold sensitivity. Stimuli included 
salt (0.8 — 1.0 X 1073 M), sucrose (0.8 — 1.0 X 1075 
M) and citric acid (0.01 — 1.5 X 10-7 M) prepared as 
serial half-dilutions. Sweet and sour stimuli were includ- 
ed to allow determination of the specificity of noted 
changes in salt taste. The 5 highest concentrations were 
used for intensity and hedonic judgments. Intensity was 
determined in duplicate as the mean of numeric ratings 
that subjects assigned to each sample’s strength of sen- 
sation. Hedonic ratings were obtained in duplicate, with 
9-point category scales labeled from “like extremely” to 
“dislike extremely.” 

Saliva collection: Resting and stimulated saliva were 
collected according to the method of Navazesh and 
Christensen.’ Salivary flow was stimulated by having 
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TABLE If Mean Urinary and Plasma Values of 23 Subjects at Baseline (end of week 2) 
After Four Weeks of Active Diuretic Treatment and After Two Additional Weeks of Placebo 
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subjects chew an unflavored gum base at a rate of 80 
chews/min. Flow rate was determined by dividing total 
volume collected by collection time. 

Statistical analyses: The protocol used a within-sub- 
ject design, where all participants were tested during 
baseline, active diuretic treatment, and again after 2 
weeks of placebo administration. If the proportion of 

_. within-subject variance accounted for by the treatment 
conditions was only 0.3, a sample of 23 would allow a 
treatment effect greater than this to be found signifi- 
cant at the 5% probability level with 85% power. 

Repeated measures analysis of variance was used to 
assess treatment effects. When significant treatment ef- 
fects were observed, the Tukey test was used for post- 
hoc comparisons. Associations between measures were 
evaluated by Pearson correlation coefficients. A p level 
-of 0.05 was used as the criterion for statistical signifi- 
cance. Analyses were conducted using Statisical Pack- 
age for the Social Sciences/PC+ (version 4.0) soft- 
ware. 


RESULTS 
Sodium intake and excretion: — and hema- 
tologic data pertinent to the assessment of sodium in- 
. take are listed in Table II. Only 11 urine samples (4%) 
—~ were excluded from analyses owing to creatinine values 
below the pre-established minimal criterion of 0.6 g/ 
24 hours. Urinary creatinine and volume were stable 
throughout the study. Urinary aldosterone was signifi- 
cantly (F[2,30]= 13.73; p <0.001) increased during ac- 
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FIGURE 1. Mean urinary and dietary estimates of sodium 
(Na) Intake at basolan (end of week 2), after 4 weeks of active 

diuretic treatment (ACTIVE) and after 2 additional weeks of 
placebo use (FOLLOW-UP). 


y 


Baseline 


Creatinine (g/24 hours) 1.27 + 0.49 1.20+ 0.51 1.16 + 0.56 
Urine volume (m}) 1226 + 589 1396 + 636 1255 + 600 
Urinary lithium 0.54 + 0.16 0.65 + 0.19* 0.36 + 0.10 
Aldosterone (2/24 hours) 10.34 + 9.45t 30.11 + 17.39 7.19 + 3.56ł 
Plasma renin activity (N/ml/houn 4.15 + 5.137 7.98 + 4.03 2.91 + 2.31T 
Serum sodium (mM/L) 139.6 + 2.5 139.2 + 1.4 140.2 + 2.3 
Serum potassium (mM/L) 4.15 + 0.54 4.04 + 0.42 4.22 + 0.39 


*p <0.05 versus follow-up; tp <0.01 versus active treatment. 
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tive treatment, as was plasma renin activity (F[2,38] = 
10.03; p <0.001). Pill counts revealed that the mean 
number of doses missed was 1.9 of 28 during the active 
treatment period. Serum sodium values were not signifi- 
cantly changed during the study. 

Urinary sodium excretion and values of sodium in- 
take based on diet records are presented in Figure 1. 
Although values for both intake measures increased 
during the active drug period, the changes were not sta- 
tistically significant. Urinary sodium excretion correlat- 
ed significantly with estimated dietary intake at base- 
line (r = 0.47, p <0.05), active treatment (r = 0.67, p 
<0.001) and follow-up (r = 0.67, p <0.001). 

Discretionary salt use was significantly increased 
during the active treatment period compared with fol- 
low-up (p <0.02) and tended to be higher than at base- 
line, but this difference was not significant (Figure 2). 
Pepper use showed a similar pattern, but the changes 
were not statistically significant. Urinary lithium excre- 
tion (an index of discretionary salt use) was significant- 
ly higher during the active period than at follow-up (p 
<0.01). However, determination of the recovery re- 
vealed that only a mean of 17% of the sodium missing 
from the shakers was actually ingested (approximately 
8 mEq/24 hours). Discretionary salt contributed only 
approximately 5% to total salt intake. Food cravings be- 
ginning subsequent to the initiation of active drug treat- 
ment ‘were reported by 5 subjects; 3 were directed 
toward sweet items, and 2 toward salty foods. 
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FIGURE 2. Mean discretionary (table and cooking) salt and 
pepper use from preweighed shakers at baseline (week 2), af- 
ter 4 weeks of diuretic treatment (ACTIVE) and after 2 addi- 
tional weeks of placebo use (FOLLOW-UP). 
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TABLE HHI Mean Gustatory and Salivary Values of 23 Subjects 
at Baseline (end of week 2), After Four Weeks of Active Diuretic 
Treatment and After Two Additional Weeks of Placebo 


Baseline Active . 


Follow-Up 


Threshold (M} 
Salt 206+9.8 140436 15.12+2.8 
Sucrose | 19.0+5.7 125448 108+ 2.2 
Citric acid -12.2+22 862412 14.1+5,0 
Subjective range 
Salt 0.58 + 0.39 0.63 + 0.24 0.94 + 1.28 
_ Sucrose 0.94 + 2.08 1.36 + 3.27 0.63 + 0.54. 
Citric acid 0.96 + 0.75. 0.75 + 0.37 0.71 + 0.28 
Rating for preferred conc. l , 
Salt 5.39 = 0.87 5.54 + 1.10 5.77 + 1.06 
Sucrose 4.27 + 2.09. 5,00 + 2.58 4.844 2.15 
Citric acid 6.60 + 1.49 6.75 + 1.32 6.62 + 1.22 
Salivary flow {g/min}. aes : a0 
Resting - _ 0.54 +0.05 0.63 40.08 0.61 + 0.07 
Stimulated 0.90 +0.10 0.98+0.12 1.17 +0.16 


Conc. = concentration; M = molarity. ` 





Potassium intake and excretion: No significant 
changes in either reported dietary potassium ingestion 
or urinary potassium excretion were observed (Figure 
3). Correlations between the measures were statistically 
significant during each study period (baseline: r = 0.75, 
p <0.001; active treatment: r = 0.75, p <0.001; and fol- 
low-up: r = 0.58, p <0.005). Serum potassium was not 
significantly changed during the study (Table ID). 

Gustatory and salivary findings: No significant dif- 
ferences in salt, sucrose or citric acid recognition thresh- 
olds, perceived intensity ratings or taste preference were 
observed (Table III). Salt thresholds tended to decrease 
during treatment compared with baseline, but similar 
trends were observed for the other taste qualities, and 
values did not rebound consistently during follow-up. 
Resting and stimulated salivary flow rates were not sig- 
nificantly altered by treatment (Table IIT). 

Physiologic and biochemical indexes: The diuretic 
did not significantly alter heart rate or blood pressure in 
these normotensive subjects (Table I). Body weight 
decreased significantly by 1.3 kg (F[2,40] = 3.79; p 
<0.05) during diuretic treatment. This was attributable 
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FIGURE 3. Mean urinary and dietary estimates of potassium 
sade intake at baseline (week 2), after 4 weeks of diuretic treat- 

ment (ACTIVE) and after 2 additional weeks of placebo use 
(FOLLOW-UP). 





to'a reduction of fat-free weight (F[2,38] = 8.69; p = 
0.001) and, more specifically, body water (F[2,38] = 
5.79; p = 0.006). Post-hoc tests indicated the reduction 
in body water during diuretic treatment was significant 
compared with follow-up (p <0.05), and nearly so-com- 
pared with baseline (p ot 06). l 


DISCUSSION l 
Evidence that potassium wasting may promote salt 
intake derives from data that (1) thiazides!° and furose- 
mide!!.!2 (potassium-wasting diuretics) elicit a marked 
salt appetite in rats, (2) dietary potassium depletion 
leads to.an increased preference for and intake of salt in 


-rats,!3-!5' (3) salt appetite is positively associated with 


the urinary potassium/sodium ratio in pharmacologic 
studies with rats,'!-!6 (4) thiazides stimulate salt intake 
in humans,'~> and (5) salt craving occurs in some pa- 
tients with Bartter’s disease.'’ In contrast, amiloride (a 
potassium-sparing agent) has not been associated with 
increased sodium intake in humans.° Thus, by reducing 
potassium loss, it was hypothesized that co-administra- _ 
tion of amiloride with hydrochlorothiazide would ame- 
liorate the effects that thiazide alone would have on salt 
intake. The present data support this hypothesis. Al- 
though this conclusion is based on contrasting effects 
noted in historic controls, the criteria for participant re- 
cruitment, and the protocol used in earlier studies were 
identical to the conditions of this work.. 

= Specifically, we demonstrated in 2 independent stud- 
ies that hydrochlorothiazide alone at a dose of 50 
mg/24 hours (as in this study) leads to an unwitting 30 
to 50% increase in sodium intake.5 Amiloride alone (at 
the same dose used in this study) did not elicit this ef- 
fect, despite a comparable level of diuresis. In the pres- 
ent study, there was a small tendency (indicated by both 
urinary excretion and diet records) for sodium intake to 
increase during combined drug administration (16 to 
18%), but this effect was not statistically significant. 
There was only a small and nonsignificant trend for in- 
creased discretionary salt use. 

The present data do not permit a determination of 
whether the observed reduction of thiazide-stimulated 
sodium intake is specific to amiloride, or may be gen- 
eralized to other potassium-sparing diuretics such as 
triamterene and spironolactone, or to the maintenance 
of potassium balance with potassium salts. The mecha- 
nistic role of potassium balance can be further demon- 
strated by the more direct approach of administering 
potassium to subjects treated with a thiazide diuretic 
and by testing with other potassium-sparing agents. 

We previously observed decreased salt taste recogni- 
tion thresholds in amiloride-treated ‘subjects. This ef- 
fect was not observed with hydrochlorothiazide. In the 
present study, the combination of these agents did not 
lead to a significant change in taste function. This may 
be due to an antagonistic action between the agents that 
influences whatever mechanism accounted for the amil- 
oride-related shift in salt taste noted previously. Alter- 
natively, the decreased taste threshold reported earlier 
may have been a chance event. Owing to the potential 
importance of this observation with respect to the devel- 
opment of salt substitutes, we have attempted to repli- 
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cate and better characterize the amiloride-mediated de- 
crease in salt taste threshold in normotensive and hyper- 
tensive subjects. However, this additional (unpublished) 
. work has not confirmed the earlier reported change in 
salt taste. 

Salivary flow was monitored because of its potential 
influence on taste. Although there are reports of xero- 
stomia in diuretic users,!® the present findings support 
the preponderance of data in the literature, which indi- 
cate that such effects are uncommon.®!%20 Jt should be 
noted that the relation between salivary flow and sub- 
jective reporting of “dry mouth” is not strong,?! and 
that reductions in resting flow of 40 to 50% are general- 
ly needed to elicit comments of dryness.” The explana- 
tion for these discrepant observations is unclear, but 
may relate to drug-induced shifts in salivary composi- 
tion? or marked individual variation in sensitivity to 
small changes in flow. — 

Finally, it is important to note that discretionary 
sources of sodjum were minor contributors to total in- 
take in our normotensive subjects who were screened to 
ensure that they did not purposefully restrict salt use. 
The point may be more relevant among hypertensive 
patients with an incentive to limit sodium intake. This 
observation is consistent with a growing literature‘ that 
suggests that efforts to moderate sodium intake by the 
traditional approach of restricting discretionary sources 
may not be successful.” Maximizing the efficacy of 
diuretic therapy by moderating sodium intake needs 
greater control over the use of highly processed foods 
that are the principle sources of sodium in the diet.”4 
Our data on discretionary salt use also holds methodo- 
logic importance, because this source is often viewed as 
an index of total sodium intake. We found that only a 
mean of 17% of salt missing from preweighed shakers 
was actually ingested. This value is consistent with re- 
ports of 24% from England,” and 29% from Italy.” 


_,,. This may account for the poor correlation between dis- 


cretionary and total sodium intake noted in empirical 
studies.?426 
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METHODS 


EAE of Automated Electrocardiographic 
Diagnosis by Combination of Computer 
Interpretations of the Electrocardiogram 
and Vectorcardiogram 


JaA, kors, MSc, Gerard van Herpen, MD, PhD, Jos L. Willems, MD, PhD, 
-and Jan H. van. Bemmel, PhD 


In the international project “Common ‘Standards 
for Quantitative Electrocardiography” (CSE), diag- 
nostic results of different computer programs for 


. the interpretation of the electrocardiogram (ECG) 


and of the vectorcardiogram (VCG) were com- 
bined, and it was shown that the “combined pro- 
gram” performs better than each program sepa- 
rately. Because the program MEANS (Modular 


‘ECG Analysis System) comprises 2 different clas- 
` sification programs — one for the ECG, the other 


for the VCG — this allowed investigation of . 
whether the combined interpretations would yield 
a better diagnostic result than either one separate- 
ly. This approach requires that a VCG always be 
recorded in addition to the ECG. To circumvent 
this complication, the VCG was reconstructed , 
from the simultaneously recorded ECG leads. This 
reconstructed VCG was then interpreted by the 
VCG classification program, whereupon the diag- 
nostic interpretations of the ECG and the recon- 
structed VCG were combined. For the validation, 
the CSE database of documented ECGs and VCGs 
(n = 1,220) was used. 

The combination of the ECG and vce interpre- 
tations yielded a better diagnostic result than each 
interpretation program separately (total accuracy 
74.2% (ECG + VCG) vs 69.8% (ECG) and 70.2% 


_ (VCG), p <0.001 in both cases). The results for 


the reconstructed VCG (total accuracy 70.5%) are 
comparable to those for the ECG and the VCG (p 
>0.10 in both cases). The performance of the | 
combined interpretations of ECG and reconstruct- 
ed VCG (total accuracy 73.6%) is approximately 
the same as that of the combined ECG and VCG (p 
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only the ECG itself. 


>0.10). Thus, the performance of an ECG comput- 
er program can be improved by incorporating both 
ECG and VCG classificatory knowledge, using 


(Am J Cardiol 1992;70:96-99) 


that also appears to hold for the interpre- 

eo tation of the electrocardiogram (ECG) — 
and perhaps the more heads the better. In the interna- 
tional project “Common Standards. for Quantitative 
Electrocardiography” (CSE)! it was shown that a “syn-. 


G6 T wo EA better than one” is a saying 


thetic ECG diagnostician,” produced, by merging the in- 
‘terpretations of 8 ECG readers, performed better than 


each reader separately.*? The same proved to be the 
case for computer programs for the interpretation 
of the ECG or of the vectorcardiogram (VCG). In the 
present study, we sought to take advantage of this effect 
to improve the results of the ECG computer program 
MEANS (Modular ECG Analysis System). 4 This is 
feasible because MEANS comprises 2 different classifi- 


cation programs: One for the ECG, the other for the 
‘VCG. The combination of.the 2 may then possibly yield 


a better result than that of either one separately. The 


Obvious objection that this approach requires, that a 


VCG always be recorded in addition to the routine 12- 
lead ECG, can be met by a technical artifice: It is possi- 
ble to synthesize the VCG from the simultaneously re- 
corded ECG. leads.° The reconstructed VCG is a near- 
replica of the authentic (Frank) VCG and can be 
processed in the. usual way by the VCG classification 
program. We will show that combining the computer 
interpretations of the ECG and the VCG indeed im- 
proves diagnostic accuracy, and that equally good re- 
sults are obtained when the reconstructed VCG replaces 
the VCG. 


METHODS 

Database: For testing purposes, the diagnostic data- 
base that was collected in the CSE projecti6 was used. 
This database consists of 1,220 ECG and VCG record- 
ings. In each case, all leads of the ECG and VCG were 
recorded simultaneously at a sampling rate of 500 Hz 


-during 8 or 10 seconds. All cases have been validated by 
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ECG-independent clinical evidence, such as echocardi- 
ography, enzyme levels, and so forth.67 The following 8 
main categories were distinguished: left ventricular hy- 
pertrophy (n = 183), right ventricular hypertrophy (n = 
55), biventricular hypertrophy (n = 53), anterior infarc- 
tion (n = 170), inferior infarction (n = 273), combined 
infarction (n = 73), infarction with manifest hypertro- 
phy (n = 31), and normal (n = 382). The normal group 
included “ambulatory” normal subjects (n = 286) and 
“catheterized” normal subjects (n = 96). Major con- 
duction defects, such as complete right and left bundle 
branch block, were excluded, as were complex rhythm 
disturbances. Each case in the database was also read 
independently by 9 cardiologists (ECGs read by 8, 
VCGs read by 5). For every case, the cardiologists’ in- 
terpretations were combined. This “combined cardiolo- 


gist” result served as another reference set.in the pres- 


ent study. Both the “clinical evidence” and the com- 
bined cardiologist result is classified information that 
remains under lock and key at the CSE coordinating 
center. Thus, an independent database for testing ECG 
computer programs can be maintained. 

Computer program: The MEANS program was 
used for our investigations. In its signal-analysis part, 
one and the same algorithm is employed to process the 
12-lead ECG (using 3 reconstructed orthogonal leads) 
or the VCG.* The classification parts of the ECG and 
VCG programs use a heuristic approach by means of 
decision-tree logic. 

Reconstruction: Each of the 3 VCG leads, X, Y and 
Z, can be reconstructed through a linear combination of 
ECG leads, i.e., by multiplying each of the 8 indepen- 
dent simultaneously recorded ECG leads with an appro- 
priate coefficient and adding the re-scaled leads. The 
reconstruction coefficients were derived using multivari- 
ate regression.’ 

Coding of diagnostic results: The statements pro- 
duced by the ECG and VCG classification parts of 
MEANS were rendered into diagnostic codes according 
to the CSE coding scheme.” A code comprises a diag- 
nostic category and a qualifier. The pathologic catego- 
ries are left ventricular hypertrophy, anterior infarction, 
and so on, corresponding to the diagnostic groups in the 
clinical database. When the program stated a major 
conduction defect (a category not present in the data- 
base) as a single statement, the case was mapped to a 
category “other.” When the program cited none of the 
major pathologic categories but only non-major abnor- 
malities such as ST-T changes, left anterior or posterior 
fascicular block, and so forth, the CSE rules prescribe 
mapping to the “normal” category. The normal cate- 
gory thus contains electrocardiographically true nor- 
mals as well as electrocardiographically abnormals that 
could not be mapped to 1 of the available pathologic 
categories. Further, 1 of 3 qualifiers had to be used: 
definite, probable or possible. 

Combination of diagnostic results: The same meth- 
od that was used in the CSE project to merge results 


~ from different observers or different programs into a 


` combined interpretation has been applied in the present 
study to combine the computer interpretations of the 
ECG and VCG, and of the ECG and reconstructed 


VCG. The qualifier in each diagnostic code is assigned 
points corresponding to the level of certainty: “definite” 
3 points, “probable” 2 points, and “possible” 1 point 
(which one may interpret to correspond with probabili- 
ties of 1,74, and 4, respectively). This is done sepa- 
rately for the interpretation of each reader or each pro- 
gram. The combined interpretation for a particular case 
is then determined by adding the qualifier points of cor- 
responding categories over the contributing readers or 
programs, and dividing by their number. The resulting 
value, between 0 and 3, is then rounded. For instance, 
when in our study the ECG program would list: “proba- 
ble (=2) left ventricular hypertrophy” and the VCG 
program: “possible (=1) left ventricular hypertrophy, 
probable (=2) anterior infarction,” the combined inter- 
pretation result would be: “probable ((2+1)/2—>2) left 
ventricular hypertrophy, possible ((0+2)/2—1) anteri- 
or. infarction.” 

Classification matrixes: In the CSE coordinating 
center, our computer results were compared with the 


TABLE I Results (%) for the Computer Interpretation of the 
Electrocardiogram, the Vectorcardiogram, and the 
Reconstructed Vectorcardiogram, and for the Combined 
Interpretations of the Electrocardiogram and Vectorcardiogram, 
and the Electrocardiogram and Reconstructed 
Vectorcardiogram* 


eee 


Clinical Evidence 
Normal 
(n = 382) 





Infarction 
(n = 547) 


Computer 
interpretation 


Hypertrophy 
(n = 291) 


Electrocardiogram 


Normal 97.1 (371.0) 43.0(125.0) 26.5 (145.0) 


Hypertrophy 

Infarction 

Other 
Vectorcardiogram 

Normal 

Hypertrophy 

Infarction 

Other 
Reconstructed vector- 

cardiogram 

Normal 

Hypertrophy 

Infarction 

Other 
Electrocardiogram and 

vectorcardiogram 

Normal 

Hypertrophy 

Infarction 

Other 
Electrocardiograrn and 


reconstructed vec- 


torcardiogram 
Normal 
Hypertrophy 
Infarction 
Other 


0.3 (1.0) 
2.6 (10.0) 
0.0 (0.0) 


86.6 (331.0) 
1.6 (6.0) 
11.3 (43.0) 
0.5 (2.0) 


94.0 (359.0) 
1.6 (6.0) 
4.2 (16.0) 
0.3 (1.0) 


91.6 (350.0) 
0.7 (2.5) 
7.7 (29.5) 
0.0 (0.0) 


94.4 (360.5) 
1.3 (5.0) 
4.1 (15.5) 
0.3 (1.0) 


42.5 (123.8) 


9.1 (26.5) 


5.4 (15.8) 


28.9 (84.0) 
45,8 (133.4) 


19.7 (57.3) 


5.6 (16.3) 


31.3 (91.0) 

46.3 (134.8) 

16.7 (48.5) 
5.8 (16.8) 


28.7 (83.5) 

49.1 (142.8) 

17.9 (52.2) 
4.3 (12.5) 


30.9 (89.8) 

49.7 (144.7) 

14.9 (43.5) 
4.5 (13.0) 


2.5 (13.8) 


67.2 (367.8) 


3.7 (20.5) 


16.5 (90.0) 
2.3 (12.5) 


76.0 (415.5) 


5.3 (29.0) 


20.7 (113.0) 
3.0 (16.3) 
70.2 (384.2) 
6.1 (33.5) 


16.9 (92.5) 
1.9 (10.3) 


77.9 (426.2) 
3.3 18.0) 


19.8 (108.4) 
2.5 (13.5) 
74.4 (407.1) 
3.3 (18.0) 





*The percentage of correct classifications for each category is underlined. 
Noninteger values may result from the Common Standards for Quantitative 
Clectrocardiography procedure that maps program statements into diagnostic catego- 


ries (see Methods ection). 
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Clinical evidence and with the combined cardiologist. 
The CSE approach has been to score by case rather 
than by diagnostic category. Thus, each case contrib- 
utes 1 single point to a classification matrix. If more 
than 1 diagnostic category is associated with a particu- 
lar case, only the category with the highest degree of 
certainty is counted. If =2 categories have equal qualifi- 
ers at the highest level, the 1 point to be allotted is even- 
ly divided over the appropriate cells of the classification 
matrix. Cases with biventricular hypertrophy, combined 
infarction, or a combination of hypertrophy and infarc- 
tion, are subject to different mapping schemes, the de- 
tails of which have been described previously.’ Briefly, a 
case with biventricular hypertrophy is counted as par- 
tially correct when it was classified as left or right ven- 
tricular hypertrophy, i.e., half of the point will be allot- 
ted to the category biventricular hypertrophy and the 
other half to category “other.” Likewise, cases with 
combined infarction or with a combination of hypertro- 
phy and infarction are counted as partially correct when 
1 of the constituent categories was cited. 


RESULTS 

Taking either the clinical evidence or the combined 
cardiologist as a reference, classification matrixes were 
computed for the computer interpretation of the ECG, 
the VCG and the reconstructed VCG, and for the com- 
bined interpretations of the ECG and VCG, and the 
ECG and reconstructed VCG. From these 8-by-8 ma- 
trixes, 3-by-3 matrixes were derived for the categories 
normal, hypertrophy (including left, right, and biven- 
tricular hypertrophy), and infarction (including anteri- 
or, inferior, mixed infarction and infarction with mani- 
fest hypertrophy). 
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reconstructed VCG 
ECG and VCG 
ECG and 


The 3-by-3 classification matrix of each computer 
interpretation against the clinical evidence is given in 
Table I. The specificity, i.e., the percentage of normal 
cases correctly classified as such by the computer, is 
highest for the ECG interpretation (97.1%); the com- 
bined interpretations of ECG and VCG yield a specific- 
ity of 91.6% (p <0.001, equivalence tested with Wilcox- 
on’s signed-rank test), and the combined interpreta- 
tions of ECG and reconstructed VCG a specificity of 
94.4% {p = 0.003). The sensitivities for hypertrophy 
and infarction of the combined interpretations of the 
ECG and VCG, and of the ECG and reconstructed 
VCG, are significantly higher than those of the ECG 
interpretation (p <0.001 in both cases). 

Totai accuracy, i.e., the overall percent correct clas- 
sifications, was computed for each interpretation pro- 
gram from the 8-by-8 classification matrix of all main 
categories. Taking the clinical evidence as the reference, 
the total accuracy for the ECG was 69.8%, for the VCG 
70.2%, for the reconstructed VCG 70.5%, for the ECG 
and VCG combined 74.2%, and for the ECG and recon-" 
structed VCG combined 73.6%; taking the combined 
cardiologist as the reference, total accuracies were 80.3, 
78.1, 79.0, 84.1 and 83.3%, respectively. For both refer- 
ences, the total accuracies of the combined interpreta- 
tions proved to be significantly higher than those of the 
individual interpretations (p <0.001 in all cases). These 
total accuracies have been entered in the scatter plot of 
Figure 1, together with those of the individual cardiolo- 
gists from whom the combined cardiologist was derived, 
and of the other interpretation programs that participat- 
ed in the CSE study.’ 

Total accuracy depends on the composition of the 
database. In the CSE database, about 30% of the cases 
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FIGURE 1. Total accuracies for the com- 
puter interpretation of the electrocardio- 
gram (ECG), the vectorcardiogram (VCG), 
and the reconstructed VCG, and the com- 
bined interpretations of the ECG and VCG, 
and the ECG and reconstructed VCG. 
Also, the total accuracies of the other pro- 
grams and of the cardiologists participat- 
ing in the Common Standards for Quanti- 
tative Electrocardiography study have 
been plotted. From these cardiologists the 
‘combined cardiologist’ was derived. All 
interpretation results are compared with 
the ‘clinical evidence’ (horizontal) and the 
‘combined cardiologist’ (vertical). 
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is normal according to clinical evidence. If the composi- 
tion of the database would be shifted to contain more 
and more normal cases, a point would finally be reached 
where the total accuracy of the ECG interpretation 
would exceed that of any of the combined interpreta- 
tions, as the ECG program shows highest specificity. 
We determined the total accuracies for different per- 
centages of normal cases; the numbers of cases in the 
other categories were adjusted in proportion to the ini- 
tial numbers in the CSE database. If the number of 
normal cases in the database stays under 62% (or 71%), 
the total accuracy of the combined interpretations of 
ECG and VCG (or ECG and reconstructed VCG) re- 
mains larger than that of the ECG interpretation. 


DISCUSSION 

“Two heads are better than one,” and apparently 
this saying holds for our ECG and VCG (or recon- 
structed VCG) computer interpretations, for at least the 
total accuracies (Figure 1). The sensitivities for hyper- 
trophy and infarction are also better, but the specificity 
is in between. 

Under what conditions, then, do 2 “observers” (car- 
diologists or programs) perform better than each one 
separately given certain combination rules, in this case 
those of the CSE project? There are several mecha- 
nisms involved. In the first place, one can choose from 
>1 qualifier to grade a case. Thus, a case may be called 
“definite X” by one observer and “possible X, probable 
non-X” by the other. Let X be the correct diagnosis. 
The first observer then classified correctly, the second 
incorrectly because the CSE procedure only uses the 
highest ranking statement, namely “probable non-X.” 
However, the combination would score “probable (= 
(34+1)/2—+2) X, possible (=(0+2)/2—>1) non-X,” and 
1 full point would be allocated to X in the classification 
matrix. If only 1 qualifier (definite) were admitted, the 
point would have been split between the equal ranking 
“definite X” by the first and “definite non-X” by the 
second observer. There is also a second mechanism: The 
diagnosis is not restricted to 1 category X or its nega- 
tion non-X, but non-X may contain Y, Z, etc. (These 
categories need not be mutually exclusive.) We may 
have “probable X, possible Y” by the one observer and 
“possible X, probable Z” by the other. This combines to 
“probable X, possible Y, possible Z,” and again the full 
point will be salvaged for the correct diagnosis X. 

The basis of the first mechanism is that a correct 
interpretation is made with more confidence than the 
incorrect one. The basis of the second mechanism is that 
if observers are hesitant about the correct diagnosis they 
will still mention it, although perhaps at a lower level of 
certainty, but, given a choice of wrong interpretations, 
their alternatives scatter over the other options and thus 
cancel out. 

In the present study, we integrated 2 classification 
programs at the level of their outputs, i.e., their diagnos- 
tic statements. This approach is simple, but it is also a 
rather crude and indirect way of combining diagnostic 
classification knowledge. A more direct combination 





procedure would be to integrate into 1 program the 
qualities of the ECG and VCG approaches. Such a se- 
lective combination of knowledge requires a precise un- 
derstanding of the strong and weak points in the classi- 
fication logic and is an issue for further research. 

Our computer interpretation results are gauged both 
against the combined cardiologist and the clinical evi- 
dence. One may question how the combined cardiologist 
can stand up against the clinical evidence. It may be 
argued that the ECG is an independent source of infor- 
mation. Even if all clinical evidence would say normal 
and the ECG is abnormal in the cardiologic eye (and 
thus in that of a program that is based on cardiologic 
conceptions), this might not mean that cardiologists are 
wrong. (They would only be wrong if they would take 
the interpretation of the ECG to be the final diagnosis 
without considering other evidence.) Therefore, we be- 
lieved it interesting to see how far a program succeeds 
in mimicking the human expert. 

Because the reconstructed VCG, being nothing more 
than a mathematic conversion, contains only the electri- 
cal information enclosed in the ECG, it is remarkable 
that processing the same information, first in the form 
of the ECG, then, after its mathematic conversion, in 
the form of the VCG, should yield results that are able 
to improve on each other when combined. This suggests 
that representing and processing the signals in VCG 
form utilizes information that is neglected in ECG in- 
terpretation, presumably information on phase relation- 
ships between the ECG signals. Conversely, the ECG 
carries proximity information that is probably lost in 
the VCG approach. The practical implication of all this 
is that the performance of an ECG computer program 
can be improved by applying VCG criteria to the very 
ECG data. 
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Aggravation of Arrhythmia by Antiarrhythmic 
_.. Drugs, and the Important Role of 
T Underlying Ischemia > pE 


Philip J. Podrid, MD, and Richard | a MD 


although intended to prevent or limit arrhythmia, 


I: has- been eogi that aitare 'agents, 


may actually cause an unexpected and -unpredict- 


_able worsening of arrhythmia.! Reported risk factors for 


this complication include significantly reduced left ven- 


tricular function, congestive heart failure and history of . 


sustained ventricular tachyarrhythmia.? The results of 
the Cardiac Arrhythmia Suppression Trial (CAST)? in- 
creased concerns about arrhythmia aggravation, be- 
cause 2. widely used antiarrhythmic agents resulted ‘in 


an increased mortality when administered to patients - 


with a recent myocardial infarction and no overt con- 
gestive heart failure who had oe be only single 
ventricular premature beats. 

In. CAST, the increase in aiy was observed in 
ali patient groups analyzed, but was especially signifi- 


` cant in those with several previous ‘infarctions and a 


subendocardial infarction. In these patients, the risk of 


_ arrhythmia aggravation was as high (risk ratio 3.4). as 
‘that observed in those with more severe disease, sub- 
stantial left ventricular dysfunction and history of seri- 


ous arrhythmia. Furthermore, the occurrence of proar- 
rhythmia, previously reported to be an early complica- 
tion with antiarrhythmic drugs, was observed through- 
out the entire follow-up period and was also a late event. 


Patients exhibited “late” proarrhythmia despite initial : 


suppression of spontaneous ventricular arrhythmia dur- 


ing the titration phase of the study. It is likely that dur- 


ing follow-up, myocardial remodeling and healing al- 
tered the underlying substrate, affecting the action of 
these drugs. One proposed hypothesis is that these pa- 
tients had ongoing myocardial ischemia that further 
modified the underlying myocardial substrate, and tran- 
siently converted a stable myocardium into 1: that was 
unstable and potentially arrhythmogenic, capable of 
generating and supporting a reentrant arrhythmia. In 
the case of ischemia, the presence of. antiarrhythmic 
drugs may further enhance this potential and is perhaps 
more likely to result in arrhythmia aggravation. 

It has been observed that during acute coronary oc- 


_ clusion, there is spatial heterogeneity of blood flow be- 


tween ischemic and nonischemic tissue. Several investi-. 


` gators proposed that this can even occur in a normal | 


heart, but to a such smaller degree. Marcus:et al‘ stud- 
ied the spatial distribution of left ventricular perfusion 
in 24 awake dogs using radio-labeled. microspheres. At 


the conclusion of the infusion, the left ventricular myo- . 
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cardium was divided into 4 regions, each with 8 ‘seg- | 


ments. Each segment was divided in 3 layers: endocardi- 


um, myocardium and epicardium. The investigators ob- 


served that there was spatial inhomogeneity of blood 


flow among different segments and layers. Mean disper- 
sion of blood flow was 21.4% in all the dogs. 

These regional inhomogeneities are augmented when 
myocardial ischemia occurs as a result of a reduction in 


blood flow. In an animal model, Coggins et al’ regulat- . 
ed blood flow through the left main coronary artery to 
produce perfusion pressures of 70, 50, 40 and 30 mm ` 
_ Hg. Regional blood flow-at these arterial pressures was - 
assessed at rest and during the infusion of adenosine, a 


pharmacologic vasodilator that permits measurement of 
coronary. artery flow reserve. At a perfusion pressure of 


70 mm Hg, virtually all segments had intact flow re- 


serve, and as perfusion pressure progressively decreased 


to 50, 40 and 30 mm Hg, the ability to increase flow in . 


| response to adenosine was observed in 92, 55 and 8% of 


all regions, respectively: Furthermore, flow reserve was 
greater in the epicardium than in the endocardium. 
These results indicate that with ischemia: there is a sig- 


nificant, nonuniform reduction of regional flow that- 


produces marked heterogeneity of blood and oxygen 
supply to even small areas of the myocardium. 


Myocardial ischemia produces a number of metabol- - 


ic chariges including án increase in extracellular potassi-. 


um concentration and a decrease in tissue pH, which . 


alter local myocardial electrophysiologic properties. In 
dogs, Hill and Gettes® reported the effect of an increase 
in extracellular potassium on the resting membrane po- 
tential and myocardial conduction velocity. When po- 
tassium was infused directly in the animal or when the 
entire ventricle was made ischemic, the global and ho- 


mogeneous increase’ in extracellular potassium levels — 


' produced a generalized and uniform increase (less nega- 
tive) in resting myocardial membrane potential, a re- . 
duction in upstroke velocity (Vmax) of phase 0, and a 
reduction in membrane conduction velocity (or increase 


in activation time). With left anterior descending coro- 
nary artery occlusion and the development ‘of regional 
ischemia, there was a rapid increase of extracellular po- 


‘tassium concentration, within the ischemic zone, but no 
' change in nonischemic tissue. Concentration of extracel- 
lular potassium in the center (most ischemic) of the 
‘ischemic zone’ was significantly greater than at its mar- - 


gins. Furthermore, ischemia and the extracellular potas- _ 


sium levels were increased in the endocardium com-. 
pared with in the epicardium. The increase in resting © 


membrane potential, the reduction in phase 0 Vmax, 
the slowing of impulse conduction velocity, and the 
lengthening of the activation time within the myocardi- 
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um correlate with the change in potassium concentra- 
tions and are therefore also inhomogeneous. The inves- 
tigators further observed that the electrophysiologic 
changes due to ischemia were greater than those during 
-~ the controlled infusion of potassium, although the extra- 
cellular potassium levels achieved were equivalent, sug- 
gesting that other factors caused by ischemia have a 
role. 

One important factor is tissue acidosis, which is also 
produced by ischemia. Kagiyama et al’ studied the ef- 
fects of different potassium and hydrogen ion concen- 
trations on the action potential and membrane conduc- 
` tion velocity. Ischemically .mediated aciddsis and in- 
crease in extracellular potassium concentration exerted 
independent effects on Vmax of the action potential, 
membrane conduction velocity and activation time. Aci- 
dosis resulted in a nonlinear reduction in Vmax, and a 
decrease in myocardial conduction velocity, regardless 
of the potassium concentrations. Therefore, the overall 
effect of acute ischemia is due to the combined effects 
of acidosis and the increase in extracellular potassium. 

Watanabe et al® also observed that with the reduc- 
tion of coronary blood flow, and development of isch- 
emia, the resultant metabolic and electrophysiologic 
changes were more pronounced in the deeper layers of 
the myocardium (particularly the endocardium) than in 
the epicardial layer. In addition to the effect of hyper- 
kalemia on Vmax and conduction velocity, the increase 
in extracellular potassium causes a shortening of mem- 
brane refractory period.’ Therefore, the nonuniformity 
in extracellular potassium levels will cause hetérogene- 
ity in membrane activation times and action potential 
duration, an increased dispersion of refractoriness (an 
important precondition for reentry). 

These ischemically mediated changes also have im- 
portant implications for the action of membrane active 
(class 1) antiarrhythmic agents that, like hyperkalemia 
and acidosis, slow conduction. These drugs may have 
more significant effects in ischemic than in normal tis- 
sue, further enhancing differences between ischemic 
and nonischemic areas. It has also been reported that 
some of these agents have differential effects on Purkin- 
je fibers and ventricular muscle, which further aug- 
ments their arrhythmogenic potential.!° Furthermore, 
nonuniform reductions in blood flow can cause differ- 
ences in regional distribution, clearance and tissue con- 


FIGURE 1. Theoretic mechanism for en- 
hanced potential of reentrant arrhythmia 
in ischemic tissue. Changes in potassium 
(K+) and pH alter action potential and elec- 


Normal 
Tissue 





centrations of antiarrhythmic drugs. Nattel et al!! stud- 
ied the effects of left anterior descending occlusion on 
thé tissue concentrations and action of aprinidine, a lid- 
ocaine-like.antiarrhythmic drug. Aprinidine was admin- 
istered to dogs before, 5 minutes after and 24 hours af- 
ter occlusion. When administered before occlusion, the 
clearance rate of aprinidine from the ischemic zone was 
markedly impaired, and its concentration in this zone 
was twofold higher than within the nonischemic tissue. 
When aprinidine was administered after occlusion, 
there was only a. slow and gradual increase in tissue 
concentration within the ischemic zone compared with 
in the normal tissue. A sustained ventricular tachyar- 
thythmia occurred in 49% of dogs who received aprini- 
dine before occlusion, compared with 14% in dogs re- 
ceiving aprinidine after occlusion, and 10% in dogs not 
receiving aprinidine therapy. The investigators postu- 
Jated that as a result of differences in blood flow and 
drug clearance, there is a disparity in regional drug con- 
centrations and hence heterogeneity in the degree of 
electrophysiologic effects that influence the initiation 
and maintenance of ventricular arrhythmia. Of particu- 
lar interest, dogs that were pretreated with the antiar- 
rhythmic agent before the development of ischemia had 
the highest incidence of ventricular tachycardia, sug- 
gesting a proarrhythmic action of the drug in the setting 
of ischemia. The data are further supported by a report 
by Elharrar et al!? who observed that in the ischemic 
myocardium, aprinidine resulted in a slowing of impulse 
conduction, and delay in activation time, which were 
significantly greater than with ischemia alone. 

Changes in potassium and pH can also alter drug 
action. Singh and Williams}? reported that changes in 
potassium levels affect changes in Vmax and hence con- 
duction velocity produced by antiarrhythmic drugs. In 
an animal treated with lidocdine and phenytoin, they 
observed that the drug-related slowing of Vmax was al- 
tered by changes in potassium level and that the concen- 
tration of drug necessary to reduce Vmax was indirectly 
related to the tissue potassium level. 

‘In view of the data from these studies, the following 
scheme of drug-induced aggravation of arrhythmia pro- 
voked by ischemia is proposed. Coronary artery disease 
results in marked variation in perfusion pressures and 
blood flow to adjacent segments of myocardium. This 
causes regional difference in tissue concentration of 
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drug and in inhomogeneity of electrophysiologic param- 


eters even during baseline, nonischemic conditions. 
With ischemia, regional inhomogeneity is further en- 
hanced, and there is also disparity within the ischemic 


-zone (the epicardium receiving the least amount of 
blood flow and oxygen). Distribution, binding and clear- 


ance of: antiarrhythmic drugs are affected and occur in 
a heterogeneous fashion. Extracellular potassium con- 


-céntrations: increase, and tissue pH decreases, altering 


local membrane electrophysiologic properties, particu- 


‘larly the resting membrane potential, Vmax of the ac- 


tion potential upstroke (phase 0), membrane conduction 
velocity or activation time, and refractory periods. The 
metabolic changes and dispersion of electrical properties 
occur not only between adjacent: segments, but also 
transmurally within each segment (Figure 1). These re- 
gional differences may be further enhanced by antiar- 
rhythmic drugs, especially when tissue concentrations 
also-vary. An antiarrhythmic drug that produces uni- 
form effects under resting and nonischemic conditions 
will cause a significant amount of electrophysiologic 
heterogeneity during ischemia. These disparate. local 
electrical properties provide the appropriate precondi- 
tion or setting for arrhythmia aggravation. Thus, a drug 
that is believed to be effective for arrhythmia suppres- 
sion in a resting, nonischemic state may result in proar- 
rhythmia during ischemia. | | 

Based on. the previous observations it is likely that in 
the postinfarction healing period, the presence of a 
changing substrate and episodic ischemia alters the ac- 
tion of an antiarrhythmic drug. An agent that is -initially 
effective may provoke arrhythmia at a later point in 
time. This has important implications regarding the use 
of antiarrhythmic drugs in patients with underlying cor- 
onary artery disease who are likely to have transient, 
active ischemia that may be overt or silent. In these pa- 
tients antiarrhythmic therapy should be evaluated at 
rest, as well as during physical exertion. Exercise testing 
is a physiologic way of producing ischemia and activa- 
tion. of the sympathetic nervous system, resulting in the 
metabolic, electrolyte and electrophysical alterations 
that may interact with, potentiate or interfere with anti- 
arrhythmic drug action.'4 





In conclusion, each antiarrhythmic agent has the 
potential for proarrhythmia. This is most often seen in 
patients with more extensive myocardial damage, poor 
left ventricular function and history of sustained ven- 
tricular tachycardia. Another important factor is isch- 
emia. These agents should be used cautiously.in patients 
with evidence of overt or silent ischemia, and these ef- 
fects should be completely evaluated under different cir- 
cumstances. = 
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Reduction of QT-Interval Imprecision and 
Variance by Measuring the JT Interval 


David H. Spodick, MD, DSc 


transmembrane cellular action potential, has had 

a long and useful history as a noninvasive corre- 
late of an increasingly investigated range of applica- 
tions, including metabolic and drug effects and toxici- 
ties, prediction of malignant ventricular arrhythmias 
and sudden cardiac death, exercise and autonomic ner- 
vous system responses, general myocardial condition 
(e.g., ischemia) and the design of physiologically adap- 
tive cardiac pacemakers.'~© Together with other cardiac 
time intervals, the QT interval has a complex relation to 
heart rate (expressed as cardiac cycle length or beats/ 
min). This relation has produced a remarkable variety 
of formulas for the QT-RR and QT-HR relations, in- 
cluding square root, cube root, exponential, logarithmic 
and even linear.”® However, at high heart rates, correla- 
tion of QT and cycle length is spurious, because most 
of the cycle is, indeed, QT, so that it becomes a virtu- 
al self-correlate.’ However, rate-corrected QT interval 
(QTc), particularly by the original Bazett formula of 
1920,? has remained useful for the applications men- 
tioned. A particularly apt example is the demonstration 
that QT correction by Bazett’s formula to <400 ms (0.4 
second) in the presence of inverted T waves is a reliable 
indication of digitalis effect.!° However, a stronger pri- 
mary T-wave change can override the QT-shortening 
effect of digitalis.'! These and many other examples 
emphasize the T wave as the source of primary QT 
changes, and it is apparent that the JT portion of the 
QT interval is the responsible element, changes in QRS 
being either nonexistent or too small to detect. (Factors 
such as-drugs and toxic agents prolonging the QRS will 
be detected in the standard QRS measurement.) 

The upper limit of normal QTc by the Bazett formu- 
la can be found in quick-reference tables or is variously 
reported (e.g., not <0,.42 in men, <0.43 in women,'? or 
0.425 overall).! Regardless of the limit selected, it is 
clear that for this most common correction formula, the 
range will be narrow.!3:!4 - 

Because the JT portion of the QT interval is almost 
always the significant portion, determination of normal 
values for the JT interval appears to be overdue. The 
problem is broadly recognized in the presence of bundle 
branch block,!2 but QRS variability within the normal 
QRS range is the principal problem. The vast majority 


Te QT interval, a surrogate for the ventricular 
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of normal QRS intervals are between 0.07 and 0.09 or 
0.1 second (70 to 100 ms), and distinctively. narrow 
QRS intervals are found frequently in obstructive lung 
disease patients (often 0.06 or even 0.05 second)!> who 
often receive QT (JT)-prolonging medication. Thus, it 
becomes clear that patients with shorter QRS durations 
at baseline (before intervention or pathologic influence) 
can have increased QT intervals by 30 to 40 ms before 
QT prolongation is recognizable; in contrast, their JT 
intervals will demonstrate this prolongation sensitively. 
Since QRS time is eliminated, therefore, it seems ap- 
parent that inclusion of the QRS should confound the 
measurement by contributing to absolute and intersub- 
ject QT variance. 

It should be relatively easy to obtain normal stan- 
dards for JT-cycle length relations from normal popula- 
tion data already available in computerized electrocar- 
diographic data bases. Irrespective of the final “rate 
correction” formulas, subtraction of the QRS from the 
QT interval should be straightforward in such epidemio- 
logic material, yielding potentially more precise and less 
variant, and hence more appropriate, normal data. 
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ventional percutaneous transluminal coronary an- 
ioplasty (PTCA) of the left main coronary artery 
_(LMCA) constitutes a therapeutic challenge because it is 
associated with significant immediate morbidity and 
_ mortality and a high restenosis rate. t-4 Special difficulties 
| may arise during PTCA of ostial LMCA lesions includ- 
7 ing technical problems concerning precise balloon loca- 
tion and the possible appearance of elastic recoil despite 
the use of adequate-sized balloons.4 We report 3 patients 
, aR Qo aa ostial lesions of the LMCA in whom 


col fan an astia! LM CA lesion. Baseline characteristics 
f these 3 patenis are summarized in Table I. The 3 





attemp 5 10 optimize medical therapy. All patients were 
-at a prohibitive surgical risk.*5 Patient 1 had a terminal 
“epidermoid carcinoma of the lung. Patient 2 was in re- 
_fractory cardiogenic shock, resulting from an early oc- 
clusion of a saphenous bypass graft to the left anterior 
descending coronary artery which caused a perioperative 
anterior myocardial infarction. Patient 3 had previously 
undergone 3 cardiac interventions including an open mi- 
tral valve commissurotomy followed by 2 mitroaortic 
valve replacements for severe rheumatic valve disease 
{the last 6 months before, with implantation of 2 St. 
Jude (nos. 25 and 21] prostheses). A long recovery peri- 
od with difficulties to wean the patient off from the 
mechanical ventilator and an associated mediastinitis 


i Dana of pt rer Hospital Universitario San Carlos, 
Ciudad Universitaria, Plaza de Cristo Rey, Madrid 28040, Spain. Man- 
“uscript received January 6, 1992; revised manuscript received and ac- 
cepted February 27, 1992. 
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complicated this intervention and, subsequently, he was 
admitted again for bifemoral bypass grafting. In every. 
patient PTCA of the unprotected LMCA was eventually 
considered the therapy of choice. Lesion narrowing was 
measured with electronic calipers from a digital auto- 
matic angiographic system (Phillips DCD). All patients 
had severe stenosis of the ostium of the LMCA (Figures 


] to 3). Intracoronary nitroglycerine (0.2 mg) was ad- ` 


ministered before the procedure. A balloon PTCA was 
initially attempted in every case. A perfusion balloon 
(Stack) was used in patient 1, whereas patient 2 under- 
went PTCA while receiving percutaneous cardiopulmo- 
nary support (CPS, USCI-Bard). In this patient the pul- 
satile pressure wave morphology changed to a continu- 
ous lineal pressure of 75 mm Hg during balloon. 


inflation. Aortobifemoral bypass grafting prevented the. 
use of cardiopulmonary support in patient 3. During 


PTCAs care was taken to use short inflation times (<15 ` 
seconds) and to achieve a nonselective engagement of the 
left coronary ostium in order to allow maximal coronary 
flow between balloon inflations (ranging from 2 to 3) and 
to document, with gentle flushing of contrast through the 
guiding catheter, that the proximal part of the balloon 
was indeed inflated in the ostial portion of the LMCA. In 
every case, the “waist” of the balloon disappeared at 
complete balloon expansion (maximal pressures of 8,6 
and 7 atm, respectively) but the narrowing of the LMCA 
recurred to 74,71 and 55%, respectively, after balloon 
deflation. In our first patient a stent was considered to be 
the device of choice after PTCA failure because of the 
presence of a large calcified atherosclerotic plaque over- 
lying the LMCA (Figure 1), whereas in the next 2 cases 
the possibility of stenting was contemplated and orga- 
nized before PTCA (standby stenting). In all cases the 
LMCA was considered of enough length to accommo- 
date the stent. Stenting was successful in every patient — 
residual stenosis <20% (Figures | to 3) — and no proce- 
dural related complications occurred. All patients were 
discharged asymptomatic after 10 to 14 days of antico- 
agulation with heparin. After stenting, patients 2 and 3 
received conventional treatment but hemoptysis prevent- 
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ed the use of coumadin in patient 1. Although this pa- 
tient remained without angina for 4 months he eventual- 
ly died from his pulmonary carcinoma. Pathologic ex- 
amination disclosed a widely patent stent completely 
endothelized protruding 2 mm into the aortic root (Fig- 
ure 1, bottom). In patients 2 and 3 an echocardiographic 
examination (short-axis view) demonstrated that the 
proximal part of the stent slightly protruded (1 and 2 
mm, respectively) into the aortic root (Figures 2 and 3, 
bottom). Both patients have remained asymptomatic at 
3 and 4 months follow-up, respectively. In patient 2 an 
improvement in the echocardiographically determined 
left ventricular ejection fraction (35 to 50%) was readily 
appreciated in serial studies. 

Our findings suggest that coronary stenting provides 
an attractive therapeutic tool for patients with ostial 
LMCA lesions in whom elastic recoil is documented im- 
mediately after balloon deflation. The presence of a high 
content in elastic fibers in the proximal segment of the 
LMCA has been proposed as a mechanism to explain the 
possible appearance of elastic recoil and the high resteno- 
sis rate of conventional PTCA at this site.? The presence 
of calcium in our patient 1 also may have been operative 





FIGURE 1. 1, right anterior oblique (15°) coronary angiogram 
showing a tight stenosis of the ostium of the left main coro- 
ee (large arrow) with some calcification overlying the 
lesion (smail arrows). 2, balloon inflation after nonselective 
guiding-catheter engagement (smali arrows denote calcium). 
The calcification was used as a landmark during dilatation. 
After stenting there is no residual stenosis. 3, right anterior 
oblique projection. 4, left anterior oblique (45°) projection 
_ with cranial (20°) angulation. Bottom, pathologic specimen of 
the stent opened along its longitudinal axis revealing a fully 
patent and completely endothelized stent. 





in this regard. The detnonstration of elastic recoil: in ostial 


LMCA lesions requires both using a balloon of appropri- 
ate size (with respect to the distal segment of the LMCA) 
and excluding displacement or a suboptimal positioning 
of the balloon at the time of maximal inflation. In this 
respect, once the guidewire has been advanced down into 


the distal left anterior descending coronary artery, the 
withdrawal of the guiding catheter to the left aortic sinus 
inducing a nonselective engagement of the left coronary 


ostium, constitutes a useful maneuver. This allows, first, a 
minimal reduction in coronary flow while the balloon 
catheter is being positioned and second, avoids the possi- 
bility of partial balloon inflation within the guiding cathe- 
ter. Finally, this maneuver also permits contrast flushing 
through the guiding catheter during balloon inflation to 
document that the proximal part of the balloon protrudes 
into the aortic root. In our patients the stent was deployed 
after assuring that the ostial lesion was covered by the 
stent in all its length, as was subsequently confirmed in 
the 3 cases either during pathologic examination or by 2- 


HoUnE a A Ga ida i Aea 
artery from the right anterior (10°) oblique projection. B, left 
anterior oblique (20°) projection showing an optimal angio- 

graphic result after stenting. Note how contrast flushing is 
performed with the guidewire in place after nonselective en- 
gagement of the ostium with the guiding catheter to avoid 
stent damage. Bottom, echocardiographic study from the par- 
asternal short-axis view revealing the stent (arrow) slightly 
protruding into the aortic lumen. LA = left atrium; RV = right 
ventricular outflow tract. 


106 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 JULY 1, 1992 




















FIGURE 3. a, left anterior oblique (45°) projection with cranial 

(20°) angulation revealing a severe stenosis in the ostium of 

the left main coronary artery (arrow). b, after conventional 

(E52) ceckdaal stenosis porsiots. c, no significan resis ste- 
is appreciated after coronary stenting. Bottom, echocar- 
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dimensional echocardiography. Other new technical de- 


vices, like atherectomy, may also emerge as attractive 
alternatives for treating elastic recoil of the LMCA but, 
in our experience, stenting provides a fast-to-implement 
resource and constitutes a very appealing tool especially 
for patients with unprotected LMCA lesions where time- 
saving is mandatory. Recently, the Task Force Report on 
Guidelines for PTCA has included unprotected LMCA 
as a contraindication for PTCA.® PTCA in this clinical 
setting should only be contemplated as a “last resort 
option” for critically ill patients with prohibitive operative 
risk.4> However, we believe that the possibility of stenting 
(standby stenting) in case of PTCA failure or suboptimal 
result may increase the likelihood that PTCA will be 
offered with success to patients with LMCA disease. 
Percutaneous cardiopulmonary support may also facili- 
tate stent deployment in these high-risk patients. Further 
studies are necessary to determine if stenting will consti- 
tute the approach of choice for selected patients with 
ostial LMCA lesions and also to assess if this therapeutic 
strategy will diminish the restenosis rate of LMCA le- 
sions. 
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Aspiration Thrombectomy for Removal of Coronary Thrombus 
Guy S. Reeder, MD, Andre C. Lapeyre, MD, William D. Edwards, MD, and David R. Holmes, Jr., MD 


ntracoronary thrombus is usually present in acute 
E inyocardial infarction and often in unstable angina.! 
| At angioplasty, the presence of residual thrombus places 
the patient at increased risk for complications,” especial- 
ly total occlusion. Heparin, aspirin and thrombolytic 
agents have been used to reduce the risk of occlusion, but 
with mixed results. We describe the use of suction aspira- 
tion to remove thrombus from a coronary stenosis be- 
fore percutaneous transluminal coronary angioplasty 
(PTCA). 


| From the Division of Cardiovascular Diseases, Mayo Clinic and Mayo 

Foundation, 200 First Street SW, Rochester, Minnesota 55905, Manu- 
script received December 27, 1991; revised manuscript received and 
accepted February 27, 1992. 


Selected patients with definite or probable intracoro- 
nary thrombus were identified at the time of elective or 
urgent PTCA, and at the discretion of the operator, 
suction/aspiration thrombectomy was performed before 
standard PTCA. Informed consent was obtained in all 
patients. 

The technique of aspiration was as follows: After 
femoral arterial sheath placement and heparinization, 
an 8Fr guiding catheter was placed in the appropriate 
coronary ostium, and through this, a 0.014 to 0.018 
guidewire and telescoping 5Fr miniguiding catheter 
(teleguide, Schneider U.S.A., Inc.) (Fig. 1) were inserted, 
and the teleguide was directed into the thrombus. The 
guidewire was removed, suction was manually applied i to 
the teleguide with a 12 ml syringe, and the teleguide v vas. 
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Pt. Age tyr). No.of Artery 

No. -&Sex Presentation VD Treated 
1 62F AMI 2 Prox RCA 
2 54M AMI 2 OMI 
3 84F Recent MI 3 Mid RCA 
4 70M AMI 2 Prox RCA 
5 60M Angina l Prox RCA 
6 46M Recent MI H Mid LAD 
7 36M Recent MI l Mid RCA 
8 63F Recent MI i Prox RCA 


AMI = acute myocardial infarction; LAD = 
OMI = first obtuse marginal: Prox = 











withdrawn into the guiding catheter. The entire system 
_ was then removed from the patient with continued suc- 
- tion, and thrombus within the teleguide and adherent to 
_ its tip was removed. Catheters were flushed vigorously 
-before reinsertion. The procedure was again performed if 
residual thrombus could be identified angiographically. 
In 2 cases of proximal (ostial) right coronary artery 
occlusion, direct aspiration of the guiding catheter was 





“tomy. Judkin’s 8Fr left guiding catheter contains 5Fr teleguide 
through which standard 0.018 inch guidewire has been 
a T a a presse 





TABLE | Clinical and Angiographic Features of Patient Group 





Duration of Thrombectomy PTCA 


Occlusion Results Results Complications | < 
<1 day + 4 aoe 
<i day + + ies 
3 days - + mee 
<1 day + + shot 
60 days = NA n 
3 days ~ A O 
2 days — + a 
6 days + + aver 


left anterior descending: Mi = 
proximal: PTCA = percutaneous ranelumimal coronary angicplasty; RCA = right 
coronary artery, VD = vessels diseases (70% diameter criteri ion}; + = successful, ~ 
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Embolic | 





myocardial infarction: NA = not applicable: 


= unsuccessful, 
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performed as it protruded into the thrombus, an -th 
teleguide was not used. : 

PTCA was then performed. Care was taken to note- 
any evidence of distal embolization by repeat an ogra- - 
phy at the completion of PTCA. Successful PTCA was 
defined as 240% luminal diameter enlargement, with- 
out subsequent death or emergency bypass surgery. Pa- 
tients were also monitored closely for any evidence a j 
systemic embolic events. l 

























Eight patients with intracoronary thrombus studied 
by 1 of 3 operators underwent attempted aspiration 
thrombectomy. Patients were identified from 145 under- 
going PTCA during the same 3-month period in our 
laboratory. Selection for PTCA, rather than thromboly- 
sis, was at the discretion of the attending cardiologist 
and based on contemporary clinical judgment. Table I 
demonstrates the clinical and angiographic features of 
this patient group. Figures 2 and 3 show results in 2 
successful cases. 








pear E aner ehatolavty of tie balhi, there te evieetiont 
anterograde flow with minimal stenosis. 


Aspiration thrombectomy recovered thrombus mate- 
rial, and by itself restored flow to the previously occlud- 
ed artery in 4 of 8 patients. The amount of thrombus 
recovered was variable, but usually did not exceed | to 2 
mm in its largest dimension. In 1 patient with acute 
occlusion, reperfusion after thrombectomy alone was 
adequate to result in cessation of ischemic pain, despite 
persistence of a critical subtotal obstruction. Thrombec- 
tomy was successful in all 3 patients presenting with 
acute myocardial infarction and in 1 in whom coronary 
occlusion occurred 6 days before. Duration of occlusion 
in 4 unsuccessful thrombectomy cases was 3, 60, 3 and 2 
days, respectively. 

After attempted thrombectomy, patients underwent 
successful PTCA of the residual lesion in7 of 8 cases. In 
1 case, PTCA was not performed owing to the expressed 
wishes of the referring physician. No patient had evi- 
dence of either coronary or peripheral embolization dur- 
ing or after PTCA. No patient had in-hospital reocclu- 
sion of the dilated segment. 

One-year follow-up was available in all 8 patients. 
No patient died or had subsequent bypass surgery. Three 
patients had subsequent PTCA (2 of these were success- 
ful thrombectomy cases). All 8 patients were asymptom- 
atic at the last follow-up. 

Aspiration thrombectomy was previously described in 
case reports,*!° but no series has been reported to date. 


cation X360, reduced by 46%). n; original 
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ned at the lesion i site and was undetectable 
hically. However, there is some theoretical ben- 
decreasing the amount of thrombus at the PTCA 
pecially as it relates to increased risk of reocclu- 
appears that the procedure is most likely to suc- 
with acute occlusion due to fresh thrombus, al- 
ough the 1 patient had successful thrombectomy 6 days 
ter occlusion. 
In other cases reported,*-!° a guiding catheter (8 or 
). was used to aspirate thrombus material. Although 
-approach is suitable for proximal occlusions, distal 
thrombus cannot often be reached, and there is the risk of 
auma to the proximal vessel. Use of the teleguide and 
eerable guidewire allows more distal obstruction to be 
approached with this technique and decreases the risk of 
vessel damage. 
_ Analysis of aspirated thrombus material could be use- 
1 from a research standpoint. Histologic examination 
(Figure 4) could differentiate between red and white 
telet rich) thrombus; the latter may be more resistant 
© exogenous or endogenous thrombolysis, because of a 
lower fibrin content. Furthermore, with the ability to 
- quantitate biochemical factors, such as thrombus concen- 
tration of plasminogen activator inhibitor-I, further in- 
ht into thrombus formation, propagation and resis- 
tance to lysis may be achieved. 

Limitations of our study include the small number of 
2 ents, the retrospective design, and the absence of a 
ol group for comparison of acute treatment results, 
uding thrombolysis or PTCA alone. Furthermore, all 
Patients did not undergo predischarge angiography to 








Therefore, the definitive 






























E \L OF CARDIOLOGY < VOLUME 70 JULY 1, 1992 











confirmi the persisten : 


be established from our st 
cessful and generally uncor 
without successful thrombus asp 







of its selective use in larger numbers of patients. 
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ne homeostasis of serum lipids is dependent on a 
umber of regulatory mechanisms, and in women, 
1ormones have a major role.'! The effect of the hor- 
monal control of lipid metabolism in fertile normotensive 
_ women has been reported in a small number of studies.’ 
-Hypertensive women are at high risk for coronary artery 
disease, because of elevated blood pressure.’ However, 
‘lipid changes occurring during the menstrual cycle in 
-hypertensive women have not been studied. In the present 
Z stud’ serum lipids and lipoproteins were measured in the 
“3 phases of the menstrual cycle in hypertensive women 
and were compared with similar lipid profiles obtained in 
„normotensive control subjects, in relation to hormonal 
i changes. 
-> Westudied 40 untreated women with essential hyper- 
r tension and 30 age-matched normotensive control sub- 
-jects (Table I). Both groups had similar body mass in- 
. dex and incidence of smoking (p = not significant [NS]). 
No subject was diabetic, nor received any medication for 
_ 6 months before the study. All women had regular men- 
- strual cycles =3 months before the study. During the 
_ study month, subjects were given a constant diet with 
-regard to total calories, percentage of proteins, carbohy- 
- drates and lipids, saturated/unsaturated fatty acids ra- 
: tio, and daily cholesterol, sodium and water intake. Hy- 
__pertensive subjects had menstrual cycles ranging from 
- 25 to 30 days, and controls from 26 to 30 days. Follicu- 
lar, ovulatory and luteal phases were determined in all 
: subjects. The ovulatory phase was defined using the Or- 
-ganon LH-color, an immunochemical test developed for 
$ demonstrating luteinizing hormone concentration in the 
-urine of >50 IUjliter.* The follicular phase occurred on 
- the fifth day of the cycle, and the luteal phase occurred 7 
to 8 days after ovulation. Lipid profile measurements 
- were obtained in all 3 phases of the menstrual cycle, and 
included total cholesterol, triglycerides, high- and low- 
density lipoprotein (HDL and LDL, respectively) choles- 
terol, and apolipoprotein (Apo) A; and ApoB (in mg/dl), 
_ and total/HDL cholesterol, ApoB/A; and LDL/ApoB ra- 
-tios were calculated. At the same times, estradiol (in 
- pg/ml), 17-OH-progesterone (in ng/ml) and free testos- 
- terone (in ng/dl) were also measured. 
Serum cholesterol and triglycerides were assayed by 
enzymatic methods’ (Abbot-Vision). HDL was mea- 
` surea ahah initial ae plate of chylomicrons and oth- 








7 Friedewald formula (LDL = total cholesterol — 
-HDL ~ ~ triglycerides/5). ApoA, and B concentrations 
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were measured by immunonephelometric assay. Estra- a 
diol-17 8 and testosterone were determined using radio- 


immunoassay kits from Sorin Biomedical? (Italy), and. _ 
17-a-hydroxyprogesteron was determined using a radio- _ 
immunoassay kit from CIS Biointernational (France). ° ` 


To confirm presence or absence of arterial hyperten- _ 
sion!! in the 2 groups, ambulatory 24-hour blood pres- 
sure monitoring was performed in all subjects during the ` 
3 phases of the menstrual cycle using Spacelabs- 90207 a 
equipment. ; 

In all parameters of the lipid profile, mean values + 


SD were calculated for the 3 phases of the menstrual 
cycle, and percent changes were computed. To evaluate 
within-group differences, the Student's paired t test was = 
used and for between-group differences, the unpairedt 
test was used. A P value <0.05 was considered signifi- `. a 


cant. | 

Of the sex hormones, estradiol and progesterone had - 
similar values in the 2 groups in all 3 phases of the — 
menstrual cycle, with normal cyclical pattern (Table I). — 
Testosterone was higher in hypertensive subjects during — 
the follicular (p = 0.02), ovulatory (p = 0.0001) and lu- T 
teal (p = 0.000004) phases. A 

In hypertensive women, total cholesterol had higher ee 
concentrations at the follicular phase, and decreased 
progressively at the ovulatory and luteal (p = 0.02) — 
phases (Table II). Throughout the menstrual cycle, to- _ 


tal cholesterol was higher in hypertensive women, al- F e 
though the difference was not significant. Triglycerides 
had higher values in hypertensive than control subjects © 


in all 3 phases of the menstrual cycle (p = 0.003, 0.05 
and 0.007, respectively), but did not vary within groups 
(p = NS). HDL had lower values in hypertensive sub- 


jects, especially at the follicular (p = 0.0005), less at the | 


ovulatory (p = 0.003), and minimal at the luteal (p= ` 
NS) phases. Thus, HDL in hypertensive subjects in- — 
creased by 9% in the luteal phase, whereas it decreasedin — 
control by 3% (p = 0.0009). LDL tended to be higher in 
hypertensive subjects, decreasing progressively at ovula- 
tion (p = 0.05) and at the luteal phase (p = 0.0003), 
whereas in normotensives, the lowest values were at ovu- 


TABLE | Patient Characteristics 
Control 
Subjects 
(n = 30) 


Patients. 


Age (yr) 7 | 
"18 (45.0) ob 
eee 1729... 2 = 


Body mass index (kg/m) 

Menstrual cycle (days) 

Smokers (%) | 

24-hour mean systolic BP (mm Hg) 
24-hour mean diastolic BP (mm Hg) 


BP = blood pressure. 
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3 40.7436 - A i 









a ues and Percent Change i in the Three Phases of the Menstrual Cycle 






l I Bone macisanianat ens enema aaan e amaaa 






Follicular o > 
Versus © 
Ovulation 


"= Follicular 
Phase 






Ovulation 









== Control subjects a 
84 + 116t 












Foo Estradiol (pg/ml) 85 + 38 207 + 109 126 + 50 183 + 170* 
| Progesterone (ng/mi) 0.81 + 0.41 1.43 + 0.83 2.54 + 1.28 109 + 148 281 + 291 . 107 2 1354 
- Testosterone (ng/dl) 0.31 + 0.15 0.33 + 0.18 0.29 +0.17 12 + 48 -2 + 54 ~10.% 36°05 4} 
~ Patients | | 7 oa ae 
Estradiol (pg/ml) (81+ 37 211+ 101 138 + 67 194 + 154* 83 + 83* <22 E 628 of i 
>o Progesterone (ng/ml) 0.79 + 0,44 1.71 + 1.54 3.00 + 2.32 156 + 2854 533 + 789* 296 #3940 
. Testosterone (ng/dl) 0.41 + 0.18 0.53 + 0.22 0.55 + 0.25 37 + 58* 45 + 75t 14454. 








-p <0.0001; tp <0.005; tp < 0.0008. 


i TABLE Hi Lipid Profile Values and Percent Change in the Three Phases of the Menstrual l Cycle | in the Two Groups (mean + a so) 





A en dl) 





Control Subjects 






Percent Change 








Follicular Follicular Ovulation 
Follicular Luteal Versus Versus _ Versu 
Phase Ovulation Phase Ovulation 







l *p <0.005; tp <0.0005; tp <0.0001. 
F Apo = apolipoprotein; HDL = high-density lipoprotein: LDL = 









lation (p = 0.01). The total/HDL cholesterol ratio had 
higher values in hypertensive subjects, mostly at the 
follicular phase (p = 0.0002); it decreased at ovulation 
f 004) and reached the values of the controls at the 
luteal phase (p = NS). In contrast, total/HDL choles- 
erol | ratio in normotensive women decreased at ovula- 
on and increased at the luteal phase (p = NS). Thus, 
HDL cholesterol ratio decreased from the follicu- 
the ovulatory phase by 12% in hypertensive sub- 
ereas it increased by 5% in controls (p = 












f ApoB were higher in hyperten- 
they decreased in normotensives at 
id less at the luteal (p = NS) 
up differences. The ApoB/A ] 
gnificantly at the ovulatory phase in 

ncreased again at the luteal phase 








-Total cholesterol 200 + 31 207 + 29 205 + 32 1+9 0 +10 
“Triglycerides 69 + 32 74 + 34 71+ 31 17 + 60 12 + 54 
LOL 137 + 30 134 + 27 138 + 30 -1 +14 1415 
HDL 55.0 + 11.6 57.6 + 11.0 53.1 + 13.0 6+14 ~3 +14 
“Total/ HDL cholesterol 3.91 + 1.00 3.70 + 0.85 4,09 + 1.24 ~4+15 5417 
ApoAt 144 + 27 148 + 22 133 + 23 §5 +17 -6 + 16* 
ApoB 108 + 25 99 + 22 101 + 21 -5 + 22* —2+25 
ApoA1/B 0,77 + 0.20 0.69 + 0.17 0.79 + 0.25 —8 + 23% 5 + 25 

= LDL/ApoB 1.32 + 0.31 1.39 + 0.29 1.38 + 0.27 9+ 28 9 + 27 

-c Patients : 

-> Total cholesterol 218 + 39 214+ 41 208 + 41 ~2+11 ~4411* 
~ Triglycerides 107 + 65 100 + 69 104 + 62 ~2 + 36 5+ 43 
EDL 152 + 35 144 + 40 138 + 37 ~5+17* -9 + 15ł 
=O HDL 45.1 £9.4 49.6 +95 49.8 + 10.8 13 + 24ł 13 + 23t 
-> . Total/HDL cholestero! 5.05 + 1.35 4,45 + 1.17 4.36 + 1.2] ~10 + 17t ~12 + 204 
ApoA 136 + 32 144 + 3] 139 + 32 8+ 23 4+19 

_ ApoB 115 + 35 110 + 37 117 + 38 —1 +35 4+ 25 

- ApoA:/B 0.87 + 0.29 0.79 + 0.30 0.88 + 0.33 ~6 + 37 3+ 29 
LDL/ApoB 1.38 + 0.31 1.37 + 0.33 1.23 + 0.31 3+ 28 ~8 + 23* 


eee ipoprotein. 


whereas no significant changes were ob- 
10 differences between i groups were docu- 
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mented in hypertensives. The LDL/ApoB ri ratio retaine. 
uniformity during the menstrual cycle in conti 
jects, whereas it decreased at the luteal phase in hyp 
tensives (p = 0.01). : 
The incidence of cardiovascular disease i is hi herin 
men at any level of risk factors,!? whereas. premenopausal 
women appear to be practically immune to coro: 
tery disease. Whether the occurrence of natu: ra 
cal menopause alters the risk of coronal 5 






































an increase in coronary artery di 
pause.'*!> Sex differences in lipid prof 
from birth, when female cholesterol 
are male levels,'6 whereas in the fe 
tensive women have lower t 
fraction.! Furthermore, HD 
less of age.!2.!5_ A 
Previous studies also repor 
cholesterol and d lipoproteins si 








€ Siak women avé higher Piphyoeridos values. 
way be se secondary to insulin resistance and hyperin- 
nia, reported in untreated hypertensive subjects.!” 
wever, total cholesterol decreased slightly in midcycle, 
-and more in the luteal phase in hypertensive subjects. Our 
results : gree with those reported by Barclay et al!® con- 
cerning normotensive women, whereas Adlercreutz and 
Tallqvist!? observed a second increase in total cholesterol 
the late luteal phase in normotensive women only. 
The present study also shows a cyclic change in LDL, 
zas well as ApoB, in the menstrual cycle of hypertensive 
and normotensive women. In hypertensive subjects, LDL 
-was decreased at ovulation and even more at the luteal 
phase, whereas in normotensives, it decreased in midcycle 
-and increased at the luteal phase. The reduction in total 
cholesterol and LDL at ovulation may follow the peak 
‘increase in plasma 17-b-estradiol, which occurs before 
ovulation. The delay between the achievement of peak 
plasma estradiol concentrations and the decrease in cho- 
lesterol may reflect dissimilar variations in plasma half- 
life of LDL and ApoB. Thus, it appears that LDL in 
hypertensive subjects may have a decreased availability 
to peripheral tissues during the luteal phase, with obvious 
inical significance. 
-. Inour study we detected that hypertensive women 
have higher (but not abnormal) values of testosterone. 
This may help to explain the lower values of HDL ob- 
served in hypertensive subjects, and the decrease at the 
luteal phase, when testosterone has the highest concen- 
trations. It is established from previous studies that an- 
_drogens decrease HDL in men, increasing the activity of 
: hepatic lipase that provokes a reduction in the HDL? 
~subfraction. In both groups, HDL and its major protein 
‘carrier ApoA, increased at the ovulatory phase (moder- 
ately i in normotensive women and significantly in hyper- 
_tensives).. However, hypertensive subjects had lower 
-HDL than did normotensives, especially at the follicular 
_ phase (p = 0.0005), and the difference between the 2 
-groups was minimized at the luteal phase (p = NS). The 
-role of increased testosterone levels at the luteal phase of 
hypertensive subjects is unclear concerning HDL varia- 
tions. | 
This higher level of HDL in normotensive women 
- increases resistance to coronary artery disease, whereas 
relatively low HDL values add another risk factor to 
hypertensives. Kim and Kalkhoff? reported similar re- 
sults concerning HDL and ApoA, in normotensive wom- 
- enonly. The total /HDL cholesterol ratio (the most indic- 
-ative coronary artery disease marker) was reduced at 
ovulation in both groups examined; at the luteal phase, it 
















































































increased again in fotmotensive aubjects, whereas wa 
further decreased in hypertensives. Thus, h 
subjects are not continuously burdened with disli i pios 


ri 


hormonal lipid effects in TEREP sabja ots s who have 
persistently increased testosterone levels. , 
It is concluded that serum lipid and Apo variations 
during the menstrual cycle differ significantly between. Sa 
hypertensive and normotensive women. This should be 
taken under consideration in the overall treatment of Í 
patients with the added risk factor of hypertension. 
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os Retten ablation has been very successful 
er in the treatment of Wolff-Parkinson-White syn- 
_ drome.'-4 Two approaches for left-sided pathways have 
been described. The retrograde aortic approach involves 
_ arterial puncture and advancement of the catheter under 
= -the mitral leaflet to the ventricular aspect of the annulus. 
The transseptal approach consists of crossing the atrial 
<> septum with a luminal catheter through which the abla- 
tion catheter reaches the atrial aspect of the mitral annu- 
-> lus. The proponents of each approach have reported ex- 
cellent success.'? The present report describes experi- 
ences with each approach performed in 1 laboratory. 
All patients with left free wall accessory pathways 
~- undergoing radiofrequency ablation at our hospital be- 
<=. tween October 1990 and November 1991 were included 
=- in this study. The strategy in the first period (to June 
<. .1991) was to give priority to the retrograde aortic ap- 
proach and crossover to the transseptal approach in se- 
_. lected cases. In the second period the method of choice 
-was the transseptal approach, with fallback to the retro- 
grade aortic approach. 
_ The electrophysiology study was performed after pa- 
ents gave written and verbal informed consent. Pro- 
ammed stimulation was performed as previously de- 
ribed to confirm accessory pathway participation in 
the clinical tachycardia and to localize the accessory 
f pathway. Ablation followed the diagnostic study. Pro- 
grammed stimulation was repeated 30 to 45 minutes 
>: after successful ablation. All patients received a 10,000 
© U bolus of heparin intravenously on instrumentation of 
= the left heart, with fentanyl and midazolam given for 
<- sedation. A 7Fr catheter with a 4 mm tip electrode 
-was used for ablation (Mansfield- Webster, Watertown, 
__ Massachusetts). For the retrograde aortic approach, the 
_ ablation catheter was inserted in the femoral artery, 
advanced into the left ventricle across the aortic valve 
_ and positioned under the mitral leaflet at the annulus. 
=> With this technique, ablation was performed from the 
~~ ventricular aspect of the mitral valve annulus.'3-4 For 
the transseptal approach, an 8Fr Mullins sheath was 
- ` advanced in the left atrium through the atrial septum ©’ 
ost The ablation catheter was advanced through the sheath 
ue and positioned at the mitral annulus. A suitable site for 
- ablation was identified during anterograde conduction 
¥ using 21 of the following criteria: (1) presence of both 
al ial and ventricular electrograms; (2) presence of an 
Si ry pathway potential; (3) early ventricular acti- 
ae ən with the intrinsic deflection of the ventricular 
electrogram preceding the delta wave; or (4) a OS pat- 
oe s tern ¢ on the unipolar ventricular electrogram. Similarly, 
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_ Atri: and \ ) Ventricular Aeiptenclion' for Radiofrequency Cath el ter 
\blation of Left-Sided Accessory Pathways : 


: Andrea § Natale, MD, Mark Wathen, MD, Raymond Yee, MD, Kevin Wolfe, MD, and George Ki, 









E “o CoR 


during reentrant tachycardia or sence pacin; om 
following criteria were used for determining the optima a 
site for ablation: (1) presence of both atrial and ventricu- = 
lar electrogram; (2) presence of an accessory pathway 
potential between the ventricular and atrial electrogram; _ 
or (3) earliest atrial activation during tachycardia or 
ventricular pacing. 

A bipolar electrogram (filtered at 40 to 400 Hz) was 
recorded from the distal pair of the ablation catheter,in 
addition to a unipolar electrogram from the distal elec- P 
trode (0.5 to 400 Hz). Radiofrequency current (400 to 
600 ma) was delivered between the 4 mmelectrodeanda 
back plate, using a Radionics RFG-3C generator (Radi- 
onics Inc., Burlington, Massachusetts) that allows còn- 
tinuous measurements of current, voltage, power and 
impedance. Current delivery was discontinued if unsuc- ` 
cessful within 10 seconds or if impedance increased. Suc- oe 
cess rate, fluoroscopy time and number of attempts were a 
compared. All patients were followed clinically and elec-  _ 
trocardiographically, and 15 consented to repeat electro- 
physiology study at 3 months. Values were expressed as 
mean + SD. Student's t test for unpaired data, and chi- 
square test were used for statistical analysis. A P value = 
<0.05 was considered significant. AP 

Ablation was performed in 80 patients, with 82 left a 
lateral accessory pathways associated with symptomatic 
supraventricular tachycardia. Forty-nine patients (31 : 
men and 18 women, mean age 33 + 16 years) underwent kes 
the retrograde aortic approach, and 31 (17 menand 14 
women, mean age 32 + 15) underwent the transseptal 
approach. The retrograde aortic approach was success- 
ful in 43 of 49 patients (88%), whereas the transseptal - 
approach was successful in 31 of 31 (100%) (p <0.03). 
In 3 patients, the transseptal technique was successful a 
after the retrograde aortic approach was unsuccessful. t 
was not necessary to switch from the transseptal to the — Š 
retrograde aortic approach to achieve successful abla- 
tion. All but I patient receiving the retrograde aortic 
approach were ablated from the ventricular side (Figure 
1). In 1 patient, ablation was achieved from the atrial 
site. In patients undergoing the transseptal technique, | 
ablation was achieved from the atrial side (Figure 2) in — 
all but 1 whose accessory pathway was anterolateral. It. 
was difficult to obtain a stable catheter position on the S 
atrial aspect of the annulus at that site. In this patient, 
ablation was obtained with the transseptal. approach A 

from the ventricular side. The mean fluoroscopy time = 
was not different for the 2 approaches (34 + 18 minutes 
for transseptal, and 42 + 29 for retrograde aortic). The ee 
mean number of attempts for each approach did not > 
differ (5.9 + 4.2 for transseptal, and 7.3 +0 
Table I). In the transseptal group, 1 patie 
tomatic intermittent preexcitation without 
at 3-month follow-up. No other recurrences were e ob- 
served in the transseptal group after a mean follow-up of 




































OF ths. i In the retrograde a rtic group, 2 patients 
ence of accessory pathway conduction and 
ia. mor ial ablation: Both Spall had 











Gera) were afte ari arrh PEREA with no preex- 
ation after a mean follow-up of 9 + 2.7 months. No 
1 plications were observed in the transseptal group. 
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Success r DOY ae = a 
Rate Time (min) Attempts sar 


Transaortic 88% 42 + 29 © 74476 . Os 
(n = 49) | 

Transseptal 100% 34418 592442 
(n = 31) | 

p value 0.03 NS NS 


Fiuoro = fluoroscopy; NS = not significant. 
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discomfort. In the retrograde aortic group, 1 patient had 
a large. hematoma at the site of the arterial puncture, 
ah her had ventricular fibrillation related to a sud- 

dn in ıpedance increase during the successful radiofre- 
quency ablation attempt. After ablation, patients were 
-treated with aspirin (325 mg/day for 1 month). 
Y Radiofrequency ablation of left free wall accessory 
pathways using either a retrograde aortic or transseptal 
approach has been very effective. Using a conservative 
approach generally limiting fluoroscopy time to 60 min- 
utes, the transseptal approach provided a slightly better 
` „success rate than did the retrograde aortic approach. 
Mean fluoroscopy time and number of attempts neces- 
sary to achieve successful ablation did not differ. Further- 
-. more, 2 clinical recurrences of tachycardia were observed 
-with the aortic approach, whereas no recurrences were 
-< observed in the transseptal group. We conclude that both 
~ techniques are comparable, and choice depends on opera- 
tor preference and experience. With the retrograde aortic 
approach, the ablation catheter is placed beneath the 
‘mitral valve leaflet on the ventricular aspect of the annu- 
dus, and the recorded electrogram is mainly characterized 
by a small atrial and a large ventricular electrogram 
(Figure 1).!3-4 The atrial electrogram and the pathway 
potential may be difficult to see during ventricular pacing 
or reentrant tachycardia, as required for concealed path- 
ways. It is also technically more difficult to map the 
subvalvular region in a systematic way, and some loca- 
tions may be difficult to access. The atrial side of the 
annulus can be mapped with the retrograde aortic ap- 
proach, but this is difficult, and catheter stability is a 

problem. 













































l Ablation of Accessory Connections 


] re padiofrequency current was used recently to ablate 
a accessory connections in patients with supraventric- 
- ular tachycardia.!-5 After locating the accessory connec- 
-tion by electrophysiologic mapping, ablation is achieved 
by positioning a 7Fr catheter (with 4 mm electrode at 
distal tip) within the ipsilateral cardiac chamber and 
jacent to the accessory connection. Radiofrequency 
ent is then delivered at the point of earliest electrical 
tivation along the atrioventricular valve annulus. For a 

sided accessory connection, the catheter is usually 
assed retrograde across the aortic valve into the left 

le and under the posterior mitral valve leaflet. For 
ided accessory connection, the catheter is passed 
de into the right atrium or ventricle.'-5 System- 
_of the effects of this technique on the 
diac valves has not been reported. This 
the effects of catheter manipulation and 
quency current delivery on valve competence. 












> De partment ‘of Pediatrics, C.S. Mott Children’s Hospital, 

Univer sity, of Michigan Medical Center, Room F1228, 1500 E. Medical 

Center Drive, Ann Arbor, Michigan 48109-0204. Manuscript received 
: February 6, 1992, and accepted February 7. 





All patients tolerated the pročedarė wal with minimal 
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< With the > ranseptal approach, the x 
vanced to the atrial side of the mitral valve 
al, good atrial and ventricular electrograms 
ure 2).? It is much easier to see the a 
during ventricular pacing: and reent 
Consequently, we prefer this. appro 
retrograde pathways. Systematic mappi 
ventricular annulus is generally easier anc 
approach. It can be difficult to maintain cat D 
for anterolateral pathways, where the catheter tends to 
fall into the left atrial appendage. PA 

In conclusion, both the transseptal and aortic metho’ so 
are comparable, and priority depends on operator prefer- $ 
ence. It is useful to be familiar with both techniques to 
allow an alternate approach in difficult cases. 








1. Jackman WM, Wang X, Friday KJ, Roman CA, Moulton KP, Beckinani KJ, j: x 
McClelland JH, Twidale N, Hazlitt H, Prior MI, Margolis PD, Calame JD, 
Overholt ED, Lazzara R. Catheter ablation of accessory pathways (Wolff Par- = 
kinson-White syndrome) by radiofrequency current. N Engl J Med 1991 5324: ea 
1605-1611. ae 
2. Tracy C, Swartz J, Fletcher R, Weston L, Soloman A, Karasik P. Atrial = 
endocardial radiofrequency ablation of accessory pathways (abstr). J Am Coll a 
Cardiol 1991;17(suppl A):368A. aie 
3. Calkins H, Sousa J, Rosenheck S, de Buitleir M, Kou WH, Kadish AH, pe 
Langberg JJ, Morady F. Diagnosis and cure of the Wolf f-Parkinson-White s T 
drome or paroxysmal supraventricular tachycardias during a single eleetropliysio=: a 
logic test. N Engl J Med 1991;324:1612-1618. ie < 
4. Leather RA, Leitch JW, Klein GJ, Guiraudon GM, Yee R, Kim YH. . Be 
frequency catheter ablation of accessory pathways: a learning. experienict./ med 
Cardiol 1991;68:1651-1655. ee 
$. Klein GJ, Prystowsky EN, Pritchett ELC, Davis D, Gallagher 3. Apal 
patterns of retrograde conduction over accessory atrioventricular pathways i in the 
Woilff-Parkinson-White syndrome. Circulation 1979;60:1477~1486. oo 

6. Ross J Jr. Considerations regarding the technique for transseptal left heart 
catheterization. Circulation 1966;34:391-396. 

7. Mullins CE. Transseptal left heart catheterization: experience with a new 
technique in pediatric and adult patients. Pediatr Cardiol 1983:4:329- 333. 
















Doppler Detection of Valvular Regurgitation After Radiofrequency _ 


L LuAnn Minich, MD, A. Rebecca Snider, MD, and MacDonald Dick Il, MD 


From May 1990 to December 1991, all patients Po 
dergoing radiofrequency ablation were examined pro- — 
spectively with 2-dimensional, pulsed and color. flow - 
Doppler echocardiography. Echocardiograms wer - 
tained within 1 week before and 1 week after the radio- 
frequency ablation procedure. Pulsed and color f low a 
Doppler examinations of all 4 cardiac valves were per- 
formed from standard parasternal and apical view, ion 
amount of valvular regurgitation was graded according — 
to the following criteria: (1) mild = small, narrow jet of — 
low amplitude detected near valve origin on color Dop 
ler echocardiography, with confirmation by puls 
Doppler echocardiography and with normal cardia ee 
chamber dimensions; (2) moderate = easily dete ed; 
high-amplitude jet associated with cardiac chambe en- A 
largement; and (3) severe = wide, easily detect f 
amplitude jet with marked chamber 

During this period, 44 patients und. 
procedures on 46 connections. Th 
left-sided accessory connections) w 
study because pre- and postablation « 
examinations were not performed. The remaining 






































ni with 43 accessory connections (9 an 28 left, 2 
l and 2 dual atrioventricular nodal) composed 
ly group. Patients ranged in age from 2 to 22 
{ mean 12) and in weight from 16 to 98.5 kg (mean 
wo patients had cardiac defects (1 Ebstein anoma- 
1 mitral valve prolapse). 
‘teen patients underwent ablation with the cathe- 
te the tricuspid valve (9 right, 2 bilateral and 2 
atrioventricular nodal). Current was delivered from the 
ventricular side of the valve annulus in 4 patients and 
m the atrial side in the remaining 9. Before ablation in 
group, 13 patients had tricuspid regurgitation (12 
mild and 1 moderate), 7 had mild pulmonic regurgita- 
tion, 4 had mild mitral regurgitation, and 1 had mild 
‘aortic regurgitation. On the postablation echocardio- 
gram, no change in the presence or severity of regurgita- 
tion was seen for any valve. 

Thirty patients underwent ablation with the catheter 
at the mitral valve (28 left and 2 bilateral). A retrograde 
aortic approach was used to deliver the current in all 

„patients. Before ablation in this group, 22 patients had 
mild tricuspid regurgitation, 15 had mild pulmonic re- 
gurgitation, 6 had mild mitral regurgitation, and none 
had aortic regurgitation. On the postablation echocar- 
diogram, no change in the amount of tricuspid or pul- 
“monic regurgitation was found for any patient; however, 
4 developed new mild mitral regurgitation (12% in- 
crease), and 9 developed new mild aortic regurgitation 
(30% increase). The development of aortic and mitral 
-regurgitation was independent of age, weight and num- 
ber of ablation attempts (using linear regression analy- 
sis p=0.21 to 0.32). 
s; - Radiofrequency ablation requires catheter manipula- 
: tion across the aortic or tricuspid valve, or both, as well as 
delivery of a radiofrequency current to tissue near the 
-mitral or tricuspid valve annular rings, or both.'~> In this 
‘study we detected a 12% increase in the incidence of mild 
‘mitral regurgitation when radiofrequency ablation was 
cused for a left-sided accessory connection. We speculate 
that the new onset mitral regurgitation may result from 
catheter manipulation or direct tissue injury where radio- 
frequency current was used. A similar effect was not seen 
on the tricuspid valve in patients with right-sided path- 
ways, possibly because only 4 of the 13 with right-sided 
connections underwent aggressive catheter manipulation 














to deliver the radiofrequency current from the ventricular 
side of the tricuspid annulus. The remaining 9 patients _ 
received only catheter placement in the right atrium, and- 
current delivery from the atrial side of the valve. Further- 
more, the mitral valve with its 2 papillary muscles: sub- 
jected to systemic pressures may be more vulnerable to _ 
damage and subsequent leakage than is the tricuspid - 
valve with its multiple papillary muscles subjected only to. 
normal pulmonary pressures. F 
We observed a 30% increase in the incidence of aortic - 
regurgitation when radiofrequency ablation was used for- 
a left-sided accessory connection. Vigorous manipulation i 
of the ablation catheter to position the distal tip properly 
may directly damage the aortic valve leaflets. Further- 
more, prolonged placement of the catheter across the _ 
active valve leaflets may cause stretching or compression .. 
of leaflet tissue, and subsequent valvular incompetence. 
This experience underscores the importance of minimiz- 
ing manipulation of the ablation catheter across the aor- 
tic valve, and suggests that the transseptal approach 
should be considered if prompt catheter placement and 
ablation are not achieved. . 
Although long-term results are unknown, these find- 
ings of new onset mitral and aortic regurgitation warrant 
further investigation and follow-up studies. Regardless of — 
the catheter approach used, the effects of radiofrequency . 
ablation on valve competence can be readily examined _ 
with Doppler echocardiography. Therefore, we recom- ` 
mend that a Doppler echocardiogram be obtained in all — 
patients who have undergone radiofrequency ablation of — 
a left-sided accessory connection. | 
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E.. ‘ercutaneous transvenous mitral commissurotomy 
-E (PTMC) is an effective therapeutic alternative for 
patients with symptomatic mitral stenosis (MS).'~4 Left 








3 From the Department of Internal Medicine: (Cardiology), College of | 
‘Medicine, National. Taiwan University, Taipei, Taiwan, Republic of . 


‘China, Dr. Lee's current address is: 7 Chung-Shan S. Road, Taipei, 
Taiwan, Republic of China. Manuscript received December 16, 1991; 
palates manuscripti received and accepted Fepruaty 11,1992. 





Sa fety of Percutaneous Transvenous Balloon Mitral Commissurotomy | n 
in Pa ment with Mitral Stenosis and Thrombus in the Left Atrial 


atrial thrombus occurs frequently in MS an 
considered as a contraindication to P 
introduction of transesophageal echoca 

a small thrombus confined to the left atrial ap 
can be detected.*6 Whether such patients 

nied the potential benefits of PTMC and be subjected 1 
mitral valve surgery is an issue of clinical interest. ” 





- knowledge, there have been few studies of PTM 
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patients with MS and left atrial thrombus.®’ This study 
reports on the safety and efficacy of PIMC in patients 
with MS and left atrial appendage thrombus. 

` We performed transthoracic and transesophageal 


- echocardiographic examinations for all candidates of 


TABLE Changes in Hemodynamic Data and Mitral Valve Area 


„e eee aAA aa N comet emt m 


Before PTMC After PTMC pValue 
Mean left atrial pressure Pd ea cag Lh e4 <0.01 
| (mam Hg) 
| Mean pulmonary artery pressure 37 + 15 2424 NS 
(mm Hg) 
Mean mitral pressure gradient 15244 7+ 4 < 0.05 
(rm Hg) 
Cardiac output (tters/min) 27 208 36:08 <0.05 
Mitral valve area (cm?) 0.85 + 0.32 1.77 +0.23 «<C.0l 


ONS = not significant: PTMC = percutaneous transvenous mitral commussurotomy. 


tana: 











© nati 1. Transesophageal echocardiography showing large 
e left atrial thrombus (TH) (arrow) attached to left atrial posteri- 


_ -or wall in patient (A), and left atrial appendage (APP) throm 


aus with mobile part (arrow) extending into left atrial cavity in 


| another patient (B). Both cases were judged to be inappropri- 
transvenous mitral commissurotomy 
(PTMC). AO = aorta; LA = left atrium; RV = right ventricle; 


a z RVOT = right ventricular outflow tract. 
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PTMC. Of twenty-six cases cwith left atrial thromb 
were considered inappropriate for PTMC, because the 
thrombi were large, mobile or present in the left atrial 
cavity (Figure 1). The other 6 cases had fi. xed thromb 
with diameters <2.5 cm confined to the left atrial ap 
pendage (Figure 2). After giving informed consent. hes 
6 patients underwent PTMC. Inoue balloon cathete 
(Toray Industries, Japan) was chosen for PTM( e~ 
cause it involves minimal manipulation in the left atri- 
um.!? The 6 patients included 5 women and 1 man (aged a 
41 to 55 years, mean 50 + 5). The rhythms were atrial — 
fibrillation in 4 cases, and sinus rhythm in 2. New York 
Heart Association functional class was IHI in 5 cases,and 
IV in 1. Immediately before and 1 week after PTMC, 
cardiac catheterization was performed to evaluate the 
changes in hemodynamic data, left ventriculography and - 
aortography. Cardiac output was measured by the ther- ` 
modilution method. Comprehensive echocardiographic Ge 
examinations (including the transthoracic and transe- — 
sophageal approach) were performed to assess Doppler- 
derived mitral valve area by the pressure half-time 
method and to detect complications related to the proce- 
dure. All patients underwent careful examinations to > 
detect any evidence of systemic thromboembolism after — 
PTMC. Data are expressed as mean + SD. The paired 
Student's t test was used to assess the differences be- 
tween pre- and post-PTMC data. A p value <0.05 was — 
considered statistically significant. | 
After PTMC, patients had significant improvements — 
in mean left atrial pressure, mitral pressure gradient, 
mitral valve area and cardiac output (Table D. At fol- 
low-up visits 2 to 3 weeks after the procedure, all cases 
had improvement in New York Heart Association func- 
tional class (class I in 5 cases, and class Lin 1). There — 
was no mortality, emergency surgery, cardiac tampon- 
ade nor systemic thromboembolism. Although the de- 
gree of mitral regurgitation was increased in 4 cases, the 
severity remained in Sellers’ grade 1 or 2. Transesopha-. < 
geal echocardiography showed left-to-right. shunt at 








FIGURE 2. 2, Transesophageal e 











vel in all 6 cases; however, only 1 had significant 
en step-up, with Qp/Qs = 1.4 during the cardiac 
rization study. 

1¢ efficacy of PTMC is well documented. However, 
ome risks of complications.*-* Complications fre- 
ntly reported include mortality, emergency surgery, 
ac tamponade, systemic thromboembolism, mitral 
gurgitation and atrial septal defect. The complication 
es of systemic thromboembolism range from 0 to 
%24 Hence, left atrial thrombus was considered as an 
olute contraindication for PTMC. However, all previ- 
-ous studies depend on transthoracic echocardiography to 
„detect left atrial thrombus.?~4 The diagnostic accuracy 
of transthoracic echocardiography to detect left atrial 
‘thrombus is not satisfactory. Because transesophageal 
echocardiography improves the diagnostic sensitivity of 
left atrial thrombus, more patients with MS would be 
-found to have left atrial thrombus. The issue of whether 
_ Patients with small and fixed thrombus confined to the 
‘left atrial appendage should be denied the potential bene- 
_ fits of PTMC is worth examining. Our preliminary expe- 
tience may shed some light on this crucial point. All 6 
“cases in this series had successful PTMC without clinical- 
yy evident thromboembolic complication. 

_.. PTMC with the Inoue balloon catheter has lower 
‘thromboembolic rates (0% to 1.4%) than do other balloon 
catheters (3 to 4%) in the literature.2~4 The special char- 
_acter of the Inoue balloon catheter may explain the lower 
‘tates of thromboembolic complication. First, its coiled 
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J ost published reports of coronary arterial anomalies 
“SW concern a single patient or only a small group of 
: patients. Although much good and useful information, of 
course, can be derived from the study. of a single patient, 
‘multiple cases of a major coronary anomaly are required 
to observe the various subgroups of a single major anoma- 
ly. We have studied at necropsy 17 patients in whom the 
l left main coronary artery (LMCA) arose from either the 
-right aortic sinus or the most proximal portion of the right 
coronary artery.!-5 After its origin, the LMCA coursed to 
the left side of the heart by 1 of 4 routes, and the clinical 
con sequences of such courses are described in this report. 
`. Pertinent clinical and necropsy findings in the 17 
‘patients are summarized in Table I, and the 4 subtypes 
are illustrated in Figure 1. In 2 patients (12%) (cases 1 
and 2 [Table N), the anomalously arising LMCA 
-coursed a anterior (group A) to the right ventricular out- 
flow tract to reach the anterior sulcus (the anterior por- 
i on of the heart immediately anterior to the ventricular 
ptum), where it then divided into the left anterior de- 
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left atrial guidewire can prevent the a from enter- i 
of thrombus). Second, its flow-directed passane Trom tie : i 
left atrium to left ventricle can minimize manipulation of his 
the catheter in the left atrium. : 


From our experience, thrombus in the left atrial ; ap- 


pendage is not an absolute contraindication for PTMC. ae 
In selected patients with MS who have small and fixed 
left atrial appendage thrombus, PTMC could be careful- _ 


ly performed with the Inoue balloon catheter with accept- 


ably low complication risks. 
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J s of Anomalous Origin of the Left Main Coronary 
| y from the Right Aortic Sinus (or from the Right Coronary 


scending and left circumflex coronary arteries.’ In nel- 
ther patient did the coronary anomaly appear to have — 
caused cardiac dysfunction or myocardial ischemia. 
In 9 patients (53%) (cases 3 to 11), the anomalously 
arising LMCA coursed in between (group B) the ascend- 


ing aorta and pulmonary trunk before reaching the ante- 
rior sulcus.?-4 The ostium of the LMCA was slit-likein8 —— 


patients. In7 of the 9 patients death was attributed to the 
coronary anomaly: sudden outside the hospital in6,and _ 
secondary to severe intractable congestive heart failure — 
(the result of a previous large acute myocardial infarct 
that had healed) in I (case 9). 

In 2 patients (12%) (cases 12 and 13), the anomalous 
LMCA coursed within the crista supraventricularis 
muscle (group C) behind the right ventricular outflow 
cavity before reaching the anterior sulcus, and then di- 
viding into the left anterior descending and left « circum- 
flex coronary arteries. Neither patient ever had evidence — 
of myocardial ischemia or cardiac dysfunction. | 

In 4 patients (23%) (cases 14 to 17), the anomalous 
LMCA coursed dorsal (group D) to the ascending aorta 
before reaching the usual area of bifurcation into the left 





-anterior descending and left circumflex coronary arter- 
ies.°° Although 2 of the 4 patients died from cardiovas- : 





< ‘Death kes 
Origin of - ‘Ancrhaly “LMCA | Outside Cause of Length of - _ siittike 
= MCA _ Group* {cm) SD Hospital Death ~ RCA >LCCA Ostium © 


HC 

Trauma 

Coronary anomaly 
Coronary anomaly 
Coronary anomaly 
Coronary anomaly 
Coronary anomaly 
Coronary anomaly 
Coronary anomaly 
Trauma 
Atherosclerotic CAD 
Trauma 

Trauma 

Trauma 
Atherosclerotic CAD 
Opiate addiction} 
Forme fruste Marfan 
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See Figure I for descripto 
minion ostium of both RCA a LMCA. i Ea 
Complications ; arising from the addiction. és 
P= angina pectoris; CA. = coronary artery; CAD = coronary artery disease; CSA = cross-sectional area; HC = Lbypertiopiie A EE HW= pene weii 
circumflex coronary Rent LMCA = deft main coronary artery; LV = left ventricular, RAS = right aortic sinus; RCA = right coronary aid $D =. Sidien death; - è aioe 
Ose oeeo e m< NO: information available. ; . 
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sease. (atherosclerosis: in ok ‘and Marlatt ré 
ease in the other), in none could the cardiac 
attributed to the coronary anomaly. 
rief) report indicates that if an anomalously aris- 
‘courses anterior (group A) to the right ven- 
utflow tract, behind the right ventricular out- 
(infracristal) (group C) or dorsal (group D) to 
nding aorta, symptoms of cardiac dysfunction or 
ial ischemia do not result. In contrast, if the 
xalously arising LMCA courses between (group B) 
ulmonary trunk and ascending aorta, symptoms of 
myocardial ischemia usually occur, and death is a fre- 
quent consequence. 
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be considered hypoplastic (Figure 1). Conversely, when ie 
the left circumflex:is the dominant coronary artery, ieit 
courses to the crux of the heart, the right coronary artery 
is usually small and therefore may be considered hypo- 
plastic (Figure 1). Hypoplasia of both right and left cir- — 
cumflex coronary arteries in the same heart, however, isa : - 
rare occurrence (Figure 1). Examination of 3,400 hearts A 
during the last 8 years disclosed at least 8 to have hypo.. 
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Age 


Numberof LV - oe otentia 
Associated CAs > 75% | ——. “LADCA Past. a : 


Disorders 


oe NUM, {yr} 
1 DCMEO# 87-05-400 


sg. aortic vaive 
<2 » DCMEO# 83-01-004 0 
3. DCMEO# 87-06-528 
“o4 DCMEO# 87-09-868 
> 5 WHC# AQ1-91 
6 © WHC# A89-89 
<7 DCVAH# 874-54 
8. SH# A90-15 


a = “*Died in cardiac catheterization laboratory shortly after angioplasty. 


Chronic CHF 


Chronic CHF 


WPW syndrome 
Morbid obesity 
Atherosclerotic CAD 


Chronic rena! failure 


HW (g) in CSA N _ Apex (cm) - 


Stenotic unicuspid 


OO OO: ©: > 


o A= chronic alcoholism: CAD = coronary artery disease; CAs = coronary arteries; CHF = congestive heart failure; CSA = cross-sectional area, F = fibrosis, HW = hear rt weight 


r : CADCA = left anterior descending coronary artery; LCCA = 
ie oe aa hypertension; WPW = Wolff-Parkinson-White. 


_ plasia of both right and left circumflex coronary arteries. 
_ Certain findings in these 8 patients will be described here. 
~ Pertinent findings in the 8 patients are summarized in 
Table I. The patients ranged in age from 26 to 79 years 
-o (mean 46). Seven were black men and 1, a white woman. 
_— At least 5 by history had had systemic hypertension. One 
__ (patient 1, Table D) had a severely stenotic unicuspid 
aortic valve. Patient 3 had an episode of supraventricular 
- tachycardia 4 months before death, and electrocardio- 
grams, after slowing of the heart rate, were typical of the 
© Wolff-Parkinson-White syndrome. Patient 4 weighed 
-386 pounds (175 kg). Three patients had narrowing of 1 
_ or more major epicardial coronary arteries >75% in 
+ cross-sectional area by atherosclerotic plaque: in patient 
-5 the right, left anterior descending, and left circumflex 
_ coronary arteries were severely narrowed, in patient 6, 
- significant (>75%) luminal narrowing was limited to the 
-distal portion of the left circumflex coronary artery and 
-in patient 8, the left anterior descending was narrowed 
` just over 75% in cross-sectional area by plaque. Two of 
the 3 patients underwent coronary balloon angioplasty. 
_ Grossly visible left ventricular scars were present in 2 
<- patients: in patient 6 the healed myocardial infarct was 
large, transmural and posterior; in patient 7 the healed 
aes was small, nontransmural (mainly subepicar- 






























rowing Five of she 8 patients died EEA 3 pe 
a 2, 3 and y: were found dead at home, and when 


mih had ‘aed o cardiac arrest while enine in a 
t m i I a at had fatal cardiac arrest in a 





ei inall 8 8 patients (mean $ 5 73 32) (Table n The left anterior 
7 descending coronary. artery in all 8 patients appeared of 
asize: xpected, for the weight of the heart. In 6 of the 8 









ast the lef» ventricular apex to ascend on the 


left circumflex coronary artery; LV = 
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left ventricular; N = necrosis; RCA = right coronary artery; SD = sudden south SHS = - 


posterior surface of the heart for distances ranging from 
2 to 5 cm (Table I). The right and left circumflex coro- 
nary arteries, of course, were small and neither coursed 
to the crux posteriorly. The right coronary artery re- > 
mained in the right atrioventricular sulcus for distances. a 
varying from 6 to 11 cm (mean 8) (Table I). These 
distances, compared with the total potential lengths of ae 
the right coronary artery from its ostium in the aorta to 
the crux posteriorly, indicate that this artery remained i in 
the atrioventricular sulcus for 50 to 85% (mean 68%) of | 
the potential distance within the atrioventricular sulcus _ 
from its aortic origin to the crux posteriorly. The left SS 
circumflex coronary artery remained in the left atrioven- 
tricular sulcus for distances varying from 3 to 9 cm ` 
(mean 6) (Table I), numbers indicating that the left 
circumflex coronary artery was located within the left — 
atrioventricular sulcus for 27 to 75% (mean 54%) of the 
total potential length of the left atrioventricular sulcus 
from the origin of the left circumflex from: the left main 
coronary artery to the crux posteriorly: = 
Hypoplasia of both right and left circumfle 
arteries, to our knowledge, has never been repo 
graphically. It was first reported at necrops 
and associates! in a 17-year-old girl who ¢ 
just after completing a 3-mile race. Th 
abnormality observed at necropsy was. bilateral 
sia of the 2 major coronary arteries. ~Menk 
leagues’ reported a 30-year-old man. who { í 
during a basketball game, and necropsy disclos 
plasia of both right and left circumflex corona 
Each of these 2 arteries was described as being 
normal length.” No other potential functionally si 
cant cardiac abnormalities were found at autopsy i in th 
patient reported by Menke et al. © Soe 
In the 8 patients reported herein only 3(p 













































bilateral hypoplasia of the right and left circu 
nary was not suspected from this study in in any: | 
the 8 necropsy patients, it appears t 
coronary hypoplasia was of mA 












nary ATE was present in 4 of them. Pat 
however, died nuggeniy a and a cardiac conditio 









than bilateral coronary hypoplasia. 

<o Hyp plasia ofa major epicardial coronary artery ap- 
pears, with one exception, to be limited to the right and 
left circumflex coronary arteries. We have not observed 
or seen, reported hypoplasia of the left anterior descending 
artery as long as it arose normally from the left main 
‘coronary artery, which in turn arose normally from the 
aorta. If, however, a single coronary artery arises from 
the aorta and if that single artery begins as a normally 
originating and coursing right coronary artery that con- 
tinues past the crux as the left circumflex coronary artery, 
which when reaching the anterior surface of the heart 
continues as the left anterior descending coronary artery, 
the latter artery may become hypoplastic because this 
artery courses distally and approaches the cardiac apex 
(Figure 2).? 

-Tn the present study we defined hypoplasia to include 
2 factors: (1) small sized arteries, and (2) shorter courses 





7 ap no la foc ihe left ventricular scar 







SO that neither reached the crux (att the rota of the : e i 


hypoplasia of both right and left r patioa ; ek 
arteries, but 1 of the 2 arteries, pe their 
















be rene that these type cases also consti bilat : 
coronary hypoplasia, we believe it better to apply our 
more limited definition to this uncommon occurrence. _ 

In summary, the hearts from 8 patients are described d 
with hypoplasia of both right and left circumflex coro- 
nary arteries. It appeared that 2 of the 8 had evidence of 
myocardial ischemia as a direct consequence of the bi- 
lateral hypoplasia. 
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tswith giiacanal internal or common carotid 
art al disease have an increased incidence of isch- 
smic stroke.'-4 Patients with mitral annular calcium 
(MAC) have an increased incidence of thromboembolic 
stroke. >-7 We are reporting the results from our prospec- 
tive. study associating extracranial internal or common 
carotid arterial disease and MAC with the incidence of 
new thromboembolic stroke at 45-month follow-up. 
-Technically adequate bilateral carotid duplex ultra- 
sonograms and M-mode and 2-dimensional echocardio- 
grams for detecting MAC were obtained prospectively in 
928 unselected elderly patients (663 women and 265 
men), mean age 82 + 8 years (range 60 to 101), ina long- 
term health care facility. Bilateral carotid duplex ultra- 
sonograms were performed as previously described with 
an Interspec XL machine, using a 7.5 MHz transducer 
having combined 2-dimensional real-time and pulsed- 
or high-pulse frequency Doppler capabilities’ The se- 
verity of extracranial carotid disease was semiquantified 
by using conventional Doppler criteria (Vmax <0.80 
m/s = <40% arterial luminal diameter reduction; Vmax 
0.80 to 1.75 m/s = 40 to 80% arterial luminal diameter 
reduction; Vmax >1.75 m/s = 80 to 99% arterial lumi- 





nal diameter reduction; Vmax 0.00 m/s [no Doppler 
$I gnal on 22 einai Lote = l 00% arterial luminal 





y k Mancan ean December 31, 1991; revised manu- 
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Frequency of Thromboembolic Stroke in Persons >60 Years of Age 
with Extracranial Carotid Arterial Disease and/or Mitral Annular 
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_ (50%). Prior stroke occurred in 72 of 150 patier 
























New thromboembolic stroke was diagnosed by a neu- 
rologist if a focal neurologic event occurred suddenly but 
without prolonged unconsciousness, nuchal rigidity, fe- 
ver, pronounced leukocytosis or bloody spinal fluid: | 
The focal neurologic signs of ischemic stroke were ex- _ 
plained by loss of function in a restricted area of the — 
brain corresponding to a particular vascular territory. 
Thromboembolic stroke was also confirmed by comput- 
erized axial tomography in 193 of 203 patients (95%). 
Thromboembolic stroke was diagnosed by clinical crite- ` 
ria only in the remaining 10 patients (5%). Cerebral > 
transient ischemic attack was diagnosed by a neurologist a 
if the patient developed transient (<24 hours), contra- — 
lateral (to the extracranial carotid disease) hemiparesis 
or hemianesthesia, or transient ipsilateral blindness or 
visual field defect. T 

None of the patients with extracranial carotid diseni D 
in this study underwent carotid endarterectomy. Aspirin = 
325 mg/day was prescribed to 145 of 150 patients (97%) 
with extracranial carotid disease. Mean follow-up was. 
45 + 21 months (range 3 to 64). Chi-square el was oy 
used to analyze data. ee 

Forty to 100% extracranial carotid disease: was; res- 5 
ent in 47 of 265 men (18%), in 103 of t 663) women 16%) — 










265 men (40%) (p <0.001), and in 466 of 928 patients 








with 40 to 100% extracranial carotid disease, and 
of 778 patients (27%) with 0 to 40% extracrani al caroti 
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| Annular Calcium in Elderly | 
ithout Extracranial Internal or Common 











Mitral 
ee Annular Calcium 
A -“Eitracranial eae ee eens 
2 cw Arterial Disease No,  (%) 


“40 to 100% (n = 150) 101 (67)* 
'O to 40% (n = 778) 365 (47) 


aie | i “p< <0. 001 comparing the prevalence of mitral annular calcium in patients with 40 
ane to pie and 0 to 40% extracranial carotid disease. 






































































: disease (p <0.001). New thromboembolic stroke oc- 
-curred in 61 of 265 men (23%), in 142 of 663 women 
(21%) (p = not significant), and in 203 of 928 patients 
E (22%). New cerebral transient ischemic attack occurred 
= in 12 of 265 men (5%), in 13 of 663 women (2%) (p 
- £0.05), and in 25 of 928 patients (3%). 

= Table I shows the prevalence of MAC in patients with 
nd without extracranial carotid disease. Table II states 
je incidence of new thromboembolic stroke and of new 
erebral transient ischemic attack in patients with extra- 
ranial carotid disease with and without MAC, and in 
patients with no extracranial carotid disease with and 
-without MAC. 
~ MAC has been linked to cerebral ischemic events but 
~~ considered by some investigators to be more likely a 
| marker of other vascular disease causing stroke than the 
` primary embolic source.'° However, to the best of our 
_ knowledge, an association between extracranial carotid 
- - -disease and MAC has not been previously reported. In 

our study, the prevalence of MAC was increased 1.4 

times in elderly patients with extracranial carotid disease 

-than in elderly patients without extracranial carotid dis- 
_  €ase. 

Patients with extracranial carotid disease or an 
: asymptomatic carotid bruit have an increased incidence 
-of ischemic stroke.'4 In our study, the incidence of new 
- thromboembolic stroke was 2.6 times higher in elderly 
- patients with 40 to 100% extracranial carotid disease 
~~ than in elderly patients without extracranial carotid dis- 

= Jn3 prospective studies, the incidence of new cerebro- 

vascular events was increased 5.0 times,’ 1.7 times,° and 
4.0 times’ in patients with than without MAC. In our 
üdy, the incidence of new thromboembolic stroke was 
times higher i in patients with than without MAC, 1.5 
mes higher in patients with 40 to 100% extracranial 
tid disease with than without MAC, and 2.2 times 
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TABLE i! olie orh New Thre 








Annular Calcium (MAC) — 





Thromboembolic F 
Stroke 





Extracranial 
Carotid Arterial 
Disease 






MAC No. (%) 


















40 to 100% + §2/101 (51) 8/101 
40 to 100% 0 16/49 (33) . fas 

Oto40% + 88/365 (24) 11/365 
O to 40% 0 47/413 (11) 3/413 










For thromboembolic stroke: p. < 0,05 comparing patients with: 40, to 
disease with and without MAC; p <0.00.1 comparing bg ue with 40.to-10¢ 
to 40% carotid disease with and without MAC; p <0.001 companng patients wit 
to 100% and O to 40% carotid disease and no MAC; p < 0.00] comparin ati 
with Q to 40% carotid disease with and without MAC, . 
For cerebral transient ischemic attack: p <0.05 conparing patients with 4 
100% disease and O to 40% carotid disease with MAC; p <0.001 compa 
with 40 to 100% contro! disease with MAC, and 0 to 40% contro} 
MAC; p <0.005 comparing patients with 40 to 100% and 0 to. 40% rotid disea 
with no MAC; p <0.02 comparing patients with O to 40% carotid disease and wi 
and without MAC. apa 





























throm boentBolic stroke. was ar 6i ümés ħi 
patients with 40 to 100% extracranial carotid disease and a 
MAC than in elderly patients with no extracranial c carot- ie: 
id disease and no MAC. ats 
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‘aortic ‘valve debedement remains useful for panen with 
small aortic annulae unsuitable for a prosthetic valve or 
with contraindications to anticoagulation. Recently, the 
use of ultrasonic energy to decalcify the aortic valve suc- 
cessfully relieved obstruction, but aortic regurgitation 
(AR) developed during short-term follow-up.’ This 
study evaluates the long-term results of ultrasonic aortic 
va è decalcification for aortic stenosis. 

oe 'wenty consecutive patients (11 women and 9 men, 
in age 77 + 5 years, range 67 to 85) undergoing 
asonic aortic valve decalcification between 1988 and 
1990 were evaluated. Mean preoperative aortic valve 
area was 0.8 + 0.3 cm’, with a mean gradient of 43 + 22 
mm Hg at cardiac catheterization. No patient had more 
than trivial AR. Most patients (14 of 20) were limited by 
New York Heart Association class IIT to IV symptoms of 
ad yspnea, Mean ejection fraction was 56 + 16%. Selection 
for debridement was based on small aortic annular size, 
contraindications to anticoagulation, or at least moder- 
ate aortic stenosis when performed as an adjunct to 
-coronary artery bypass grafting. Standard hypothermic 
: extracorporeal circulation and cold cardioplegic arrest 
were followed by oblique aortotomy. The Cavitron Ul- 
trasonic Surgical Aspirator (Cavitron Surgical Systems, 
Anc; Stamford, Connecticut) was used to deliver ultra- 
sonic energy and disintegrate valvular calcium. Continu- 
ous irrigation suspended the particulate matter and 
cooled the site of debridement. Complete debridement 
was performed to restore normal leaflet mobility. 

as Echocardiograms obtained before discharge and at 
the most recent follow-up visit were analyzed in a blind- 
ed manner by 2 cardiologists. Maximal aortic velocity 
was obtained through continuous-wave Doppler sam- 
pling. The systolic left ventricular outflow tract diameter 
‘was measured in the parasternal long-axis view at the 
aortic hinge point, with velocity assessed in the apical 5- 
chamber view by pulsed Doppler sampling just below the 
aortic valve. Aortic valve areas were then calculated us- 
ing the continuity equation? AR severity was determined 
-using 3 Doppler methods: color flow analysis of the ratio 
of AR jet to left ventricular outflow tract height 
A506. 25 = trivial; 0.25 to 0.46 = mild; 0.47 to 0.64 = 
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moderate, and 20.65 = severe)’; deceleration slope (emj ; 
s) (S2 = mild; >2 but <3.5 = moderate; and 23.5 = - 
severe)'"; and analysis of reversal of flow in the aor 
lumen in the suprasternal view (absence of diastolic fle 
reversal = mild; presence in initial 50% of diastole = 
moderate; and holodiastolic = severe).!! AR was ther 
quantified as follows: 1 = trivial; 2 = mild; 3 = moder- 
ate; and 4 = severe. All charts were reviewed, and; ph 
cians and their respective patients were contacted to 
tain follow-up data including age, sex, New York F lea 
Association functional class, occurrence of cerebrovas 
cular accident, endocarditis, reoperation or death. 
Clinical and echocardiographic data for each patient À 
are summarized in Table I. Data in the text are ex- 
pressed as mean + SD. The paired Student's t test was ~ 
used for analysis of variables, with a p level <0.05 con- 
sidered significant. Ultrasonic aortic valve decatcifica- 
tion was accompanied by coronary artery bypass graft- — 
ing in 16 of 20 patients (80%) and by mitral valve repair _ 
in 3 (15%). Perforation of aortic valve cusps needed 
pericardial patch repair in 9 patients (45%). Of 3 pa- 
tients (15%) who died before hospital discharge, I hada 
myocardial infarction after 2 days, and another had an 
embolic stroke immediately after surgery, with mild AR, 
myocardial infarction and ventricular fibrillation a 
days (both confirmed at autopsy). The third patient di 
after 55 days, with congestive heart failure and ventric 
lar fibrillation. Seventeen patients survived and were ‘ 
discharged from the hospital. s 
Echocardiograms were obtained in 18 patients within Di 
2 weeks after surgery; however, analysis was limited to = 
technically adequate studies. AR could be assessed in 17 — 
patients. In 4 of 17 patients (24%), grade 2 AR was 
present, with none having Z grade 3 AR. Aortic mean — 
gradients were measured in 14 patients and decreased to - 
a mean of 17 + 9 mm Hg from a mean preoperative 
gradient of 43 + 22 (p = 0.0001). Estimates of aortic 
valve area were obtained in only 8 patients owing to 
technical limitations, yielding a mean preoperative area 
of 0.8 + 0.3 cm’, which increased to 1.1 + 0.5 after 
surgery (p = 0.2). 
The clinical status of all patients was assessed, witha 
mean follow-up of 12 months (range 2 days to 33 __ 
months). In addition to the 3 in-hospital deaths, 6 late 
deaths occurred, resulting in a total mortality of 9 of 20 
(45%). Of the 6 late deaths, all had congestive heart 
failure, and 5 had mild to moderate AR. The presence of 
AR was undetermined in the sixth patient. One pa nt 
died after reoperation for AR, constrictive pericarditis .— 
and congestive heart failure (Table I, patient 3).Inall,3 
patients (1 es needed reoperation a AR and congas- ah 
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‘TABLE I Clinical and Echocardiographic Results of Aortic Valve Debridement 

ee Aortic Mean ~ Severity ee 
Gradient (mm Hg) of AR 5 

aloa, Age WID a * eee Other oC 

bo Pt. No. & Sex F/U Pre Post F/U Procedures ~ O14 


CABG 
CABG 
CABG 
CABG 
CABG, MVR 


CABG 


eens 


CABG 
CABG, MVR 
CABG 
CABG 
CABG 
CABG 
CABG 
CABG 
CABG, MVR 
CABG 


Az alive; AR = aortic regurgitation; CABG = coronary artery bypass graft surgery; D = dead; F/U = late follow-up, MVR = Fo 
mitral valve repair; R = reoperation. 
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change in valve area may not be representative of the l 
entire group. a 
These findings are consistent with. previous rer 
= Mean ee eae, inane (Table II). Schwinger et al? evaluated 10 pati ts 

a Investigators of Pts, “(mos.) AR (%) k (%) days and found severe AR in 2 cases. At 99 day: : 

sis aie patients developed severe AR. In all, 4 pati 

"Schwinger al? . series needed subsequent aortic valve replacemer 
a enna ats months, Scott et alt found only a mild. 
T Craver® | grade of AR, but McBride et al’ found the i 


| Freeman et al’ mild and moderate AR to increase from: E 
“ Tea ad G 


a : : l TABLE H Comparison of Clinical Outcomes After Ultrasonic 
dh Aortic Valve Debridement 


T ation in 2 patients. No patient developed endocarditis. se pe 
oa the 9 T who survived and did not undergo total mortality i in that series was 22%. i oo eee 
0, Our study verifies the problem of progressio: 
, and its associated adverse clinical outcome a 
" pe 3. severity. ic valve debridement. Comorbid disease 
er the 3 pris i deaths, 17 eae igh 


and 9 (56%) had gel 3 to 4 severity. This 
a seis nee increase in AR compared with 

p= 0. York Heart Adsociation clase T or rl 
(45% moderate to severe. = p caus 


A aortic valve area of 0.8 + 
was minimally increased. to 0. 9 


follov 
ainable i in <50% of the follow-up. group, the absence of 
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cardiographic measurement of the reg 
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“Mhronic nonparoxysmal sinus 
P tachycardia has been described 
as an inappropriate and persistent si- 
nus tachycardia that is not related to 
organic, physiologic and adrenergic 
states or automatic dysfunction. 

Some cases are very symptomatic 
-and refractory to conventional thera- 
__ py. In this report, we describe an un- 

- usual therapy for a refractory case of 
-© chronic nonparoxysmal sinus tachy- 





| A 43-year-old woman was re- 
ferred because of disabling palpita- 
tions for 18 years. She had had 20 
hospital admissions related to sinus 
tachycardia. Drug therapy included 
digoxin, propranolol (480 mg), na- 
dolol (80 mg), metoprolol (200 mg), 
verapamil (240 mg) and amiodarone 
(600 mg), alone and in combination. 
Physical examination and laborato- 
ry evaluation were normal. Electro- 
cardiograms and Holter monitoring 
always showed sinus tachycardia, 
and during Holter monitoring, heart 
rate variation was trivial (<10 
beats/min). Exercise testing was 
normal, An electrophysiologic study 
demonstrated normal atrial activa- 
tion sequence and no preexcitation. 
No arrhythmia was induced by atri- 
al and ventricular programmed 
stimulation. Echocardiographic and 
coronary angiography were normal. 
Transcoronary ablation of the si- 
nus node was performed by selective 
catheterization of the sinus node ar- 
tery, using a 20 mm LPS balloon 
i (sen ae 1) introduced 
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through a steerable guidewire (0.014 
inch), using standard percutaneous 
transluminal coronary angioplasty 
techniques. This procedure pro- 
duced junctional rhythm followed 
by atrial fibrillation, chest pain and 
elevation of the ST segments in the 
inferior leads. We removed the angi- 
oplasty system, and coronary angi- 
ography showed that the right coro- 
nary artery was patent (Figure IC). 
The patient remained in the cathe- 
terization laboratory for 3 hours. 
During this period, angiography re- 
vealed proximal occlusion of the si- 
nus node artery, and normal right 
and left coronary arteries, left ven- 
triculography, and intraatrial and 
intraventricular pressures. 




















Chest pain and 
vation resolved after 4 hours, 
side and Holter monitoring showe d 
atrial fibrillation for 10 hours, after . 
which sinus rhythm resumed. Lab 
ratory evaluation showed electroca 
diographic (inferior leads) an 
zymatic changes compatible wit = 
myocardial infarction. Sinus tachy- 
cardia was easily controlled with 
propranolol (80 mg/day). — 

An echocardiogram was normal. 
A technetium-99m pyrophosphate 
scan disclosed abnormal uptake in — 
the inferior wall. A coronary arterio- > 
gram performed 21 days after the 
initial procedure revealed a normal 
left ventriculogram and a patent si- 
nus node artery. | 

The patient was asymptomat 
for 4 months after the procedure. .. 
Her symptoms then recurred, and — 
Holter monitoring showed sinus 
tachycardia (rates persistently > 120 
beats/min) for >50% of the record- 
ing. The dose of propranolol was 
increased, but the symptoms persist- 
ed. 

Cardiac catheterization was re- | 
peated 9 months after the initial pro- 

















FIGURE 1. Mechanical ablation of sinus node artery. A, „right o o 


shown, and sinus node artery is indicated (arrow). B, angio t 
tained immediately after removal of angioplasty system. D, right 
tery is stili seen, but right coronary artery is OBEN 


| 128 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 JULY 1, 1992 












cedure and was normal (Figure 2). 

‘Transcoronary ablation of the sinus 
node was performed by selective 
catheterization of the sinus node ar- 
tery, using a 20 mm mini-profile 
balloon (USCI) and our previous 
technique (Figure 2B). A 96% sterile 
ethanol solution was infused directly 
in the sinus node artery. This imme- 
diately produced junctional rhythm 
(70 beats/min) and moderate chest 
pain for 1 hour. Angiography 
showed distal occlusion of the sinus 
node artery (Figure 2D). 

Immediate follow-up showed a 
normal echocardiogram, very brief 
and modest enzyme elevation, and a 
normal technetium-99m pyrophos- 
phate uptake. Continuous Holter 
monitoring for 72 hours showed 
junctional rhythm with a mean heart 
rate of 66 beats/min and several epi- 
sodes of accelerated idioventricular 
rhythm (noted during first 24 hours 
only) after the ablation (Figure 3). 

Coronary angiography 18 days 
after chemical ablation showed total 
occlusion of the sinus node artery 
(Figure 4). 

The patient remained asymp- 
tomatic in junctional rhythm at a 
heart rate of 70 beats/min for 12 
months after the second ablation 
procedure. Subsequently, she noted 
episodes of dizziness, and a syncopal 
episode occurred. Subsequent moni- 
toring during other syncopal epi- 
sodes showed junctional rhythm (55 
beats/min). An AAI-R pacemaker 
was implanted, and she has subse- 
quently been asymptomatic without 
medications for 6 months after pace- 
maker implantation. 

Chronic nonparoxysmal sinus 
tachycardia can occur in the absence 
of identifiable organic disease and 
may reflect relatively localized auto- 
matic dysfunction.! Some patients 
may be extremely symptomatic and 
resistant to all drug therapy. Disabil- 
ity resulting from refractory chronic 
sinus tachycardia can be a difficult 
clinical problem, and aggressive 
‘medical and surgical management 
“have been reported for this particular 
“problem.” 

' Conventional percutaneous cofo- 
-nary angioplasty techniques have 
been used to produce ischemia or in- 
terruption of blood supply to arrhyth- 
‘mogenic areas of the heart.>-> A pre- 
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FIGURE 2. Chemical ablation of sinus node artery. A, right coronary artery with 
normal sinus node artery can be seen. Angiogram was obtained before any proce- 
dure was performed. B, angioplasty catheter is seen placed in sinus node artery. 
Sterile ethanol has been infused in coronary sinus artery. D, arrow indicates level of 
occhision of coronary sinus artery. Ethanol injection resulted in distal occlusion of si- 
nus node artery. E and F, diastolic and systolic frames in right anterior oblique left 
ventriculogram. Contraction pattern is normal. 





FIGURE 3. Twelve-lead electrocardiogram showing junctional rhythm obtained after 
chemical ablation of sinus node artery. Junctional rhythm at rate of 75 beats/min is 


shown. 
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FIGURE 4. Follow-up angiogram performed 18 days after chemical ablation. A and 
B, no evidence of sinus node artery, and it is totaly occhided at its origin. C and D, 
diastolic and systolic frames in right anterior oblique projection of left ventriculo- 

gram. E and F, diastolic and systolic frames from left anterior oblique left ventricu- 


logram. Both are normal. 


Intraventricular Muscle Band Mimicking 
Asymmetric Ventricular Septal Hypertrophy 
and Hypertrophic Cardiomyopathy 


Barry J. Maron, MD, Heinrich G. Klues, MD, 


and Charles Mcintosh, MD, PhD 


symmetric thickening of the an- 
terior ventricular septum is the 
most characteristic morphologic fea- 
ture of hypertrophic cardiomyopathy 
(HC).!-3 The diagnosis of HC is fre- 
quently made clinically by the echo- 
cardiographic identification of this 
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feature.! However, a number of pit- 
falls have been recognized as inter- 
fering in the precise quantification of 
septal thickness by echocardiogra- 
phy.*> The present report illustrates 
one such example of unusual left ven- 
tricular anatomy creating the mis- 
taken impression that HC may have 
been present in a patient with bacte- 
rial endocarditis. 

A 37-year-old horse trainer 
(shortly after an elective inguinal 
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liminary experience with transcoro- 
nary chemical ablation of ventricular | 
tachycardia using ethanol infusion in 
the tachycardia-related vessel has 
also been reported.° The risks of . 
transmural myocardial necrosis pro- — 
duced by ethanol in the ventricle are — 
probably different from those in the — 
atrium where the muscle is thin, and 
complications such as rupture may — 
be an important limitation for etha- 
nol infusion. 

In this case, mechanical occlusion 
of the proximal sinus node artery 
produced clinical, electrocardio- 
graphic and enzymatic evidence of 
infarction. There was only partial 
success in the control of the arrhyth- 
mia. Subsequent chemical ablation 
with ethanol produced no worse ini- ; 
tial sequelae, and much better and 
sustained clinical arrhythmia con- 
trol. 


i. Bauernfeind RA, Amat-y-Leon F, Dhingra RC, 
Kehoe R, Wyndham C, Rosen KM. Chronic nonpar- 
oxysmal sinus tachycardia in otherwise healthy per- 
sons. Ann Intern Med 1979,91:702-710. 


2. Yee R, Guiraudon GM, Gardner MJ, Sajad SG, 
Klein GJ. Refractory paroxysmal sinus tachycardia: 
management by subtotal right atrial exclusion. J Am o 
Coll Cardiol 1984;3:400-404. . 


3. Brugada R, De Swart H, Smeets JLRM, Bar 
FWHM, Wellens HJJ. Termination of tachycardias 
by interrupting blood flow of the arrhythmogenic 
area. Am J Cardiol 1988;62:387~392. 

4, Sosa EM, Arie S, Scanavacca MI, Vanzini P, 
Bellotti G, Pileggi F. Transcoronary clinical ablation 
of incessant atrial tachycardia. J Cardiovasc Elec- 
trophysiol 1990;1:1 16-120. 


5. Brugada P, De Swart H, Smeets JLRM, Wellens 
HJJ. Transcoronary chemical ablation of ventricular 
tachycardia. Circulation 1989;79:475-482. 





hernia repair) incurred the sudden 
onset of fever and chills associated - 
with signs and symptoms of conges- 
tive heart failure. These included ex- 
ertional dyspnea and chest pain, or- 
thopnea, pedal edema and paroxys- 
mal nocturnal dyspnea, as well as 
night sweats, fever and substantial 
weight loss. There were also 2 epi- 
sodes consistent with peripheral sep- 
tic embolization. On physical exami-_ 
nation, murmurs typical of aortic 
and mitral regurgitation and an S B 
gallop were heard. 4 te 
Echocardiographic ekamiation 
demonstrated apparent vegetations 
on both aortic and mitral valves, as- 
well as systolic anterior motion of © 
the anterior mitral leaflet (Fi ure 





















: an obtained in the parasternal 
ae view: A, echo-dense anterior 
mitral leaflet with vegetation, showing 
systolic anterior motion and 
paapa eag bl 





1). On this initial evaluation the an- 
terior ventricular septum was judged 
to be increased in thickness (to 20 
mm); left ventricular free wall thick- 
ness was normal (<12 mm). These 
observations, in association with the 
mitral systolic anterior motion and 
the awareness that bacterial endo- 
carditis may occur in HC, raised the 
diagnostic possibility of associated 
HC. However, a subsequent echocar- 
diographic study defined (by fine ro- 
tation of the transducer) a distinct 
hypertrophied anomalous muscle 
band situated in close parallel rela- 
tion to the anterior ventricular sep- 
tum, which could be visualized in 
both parasternal long- and short- 
tis views (Figures 1 and 2). This 
: large muscle bundle appeared to in- 







FIGURE 2. M-mode 





appearance of anteri- 


echocardiograms showing morphologic 
or ATETEA sopan (VE) in the patient described. A and B, VS appears thich- 
ened (to 20 mm) due to contributions from true VS and the muscular band (MB), 
which appear to be contiguous in this plane; C and D, after miid angulation of the 
transducer the muscular band (arrows) has been separated from the true VS, 
which now appears to be of normal thickness (10 mm). Calibration marks are 1 
cm apart. LV = left ventricle; MV = mitral vaive; PW = posterior left ventricular 


free wall. 


sert in the most cephalad aspect of 
the anterior ventricular septum at 
the junction of septum with the ante- 
rior wall of the aortic root, and to 
extend distally to the region of the 
left ventricular apex. Thus, the 
“true” ventricular septal thickness 
was 10 mm and that of the anoma- 
lous muscle bundle was also 10 mm. 

Six blood cultures all proved to 
be negative. Consequently, the deci- 
sion was made to perform both mi- 
tral and aortic valve replacement 
with St. Jude prostheses. The valve 
specimens showed calcified vegeta- 
tions in all 3 aortic leaflets and a 
large calcified vegetation on the an- 
terior mitral leaflet. 

This case illustrates an instance in 
which a large intraventricular muscle 
band was responsible for diagnostic 
uncertainty regarding the assessment 
of true ventricular septal thickness by 
echocardiography, and for a period 
of time contributed to the erroneous 
diagnosis of HC. Such a case empha- 
sizes the importance of being aware 


of such variability in ventricular mor- 
phology, as well as the need for care- 
ful echocardiographic interrogation 
of the septum with these issues in 
mind. 
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i a ghether hyperthyroidism can 
— WW cause a dilated cardiomyopa- 
thy remains controversial. It has been 
Sot generally accepted that thyrotoxico- 
< < sis may be associated with high out- 
_. put heart failure and may precipitate 
ischemia or heart failure in patients 
_with either symptomatic or asymp- 
tomatic underlying heart disease. 
. However, evidence for the develop- 
- ment of a dilated cardiomyopathy in 
otherwise normal hearts is confined 
-to animal models and the pediatric 
: population.' Studies showing a de- 
-creased cardiac reserve on exercise 
-by nuclear cardiographic studies are 
_ often quoted as evidence of occult 
myocardial dysfunction in hyperthy- 
-~ roid patients. The number of patients 
> in these studies was small and pre- 
. dominantly female (15 of 19).23 The 
© fact that women do not consistently 
increase their ejection fraction with 
> exercise* challenges the current in- 
- terpretation of these results. We pre- 
sent a patient in whom thyrotoxicosis 
~- was accompanied by a reversible di- 
_ lated cardiomyopathy. 
A 57-year-old man with a history 
_ of borderline systemic hypertension 
- was admitted to the hospital with 
“increasing exertional dyspnea for 4 
months. He had noted a 30-pound 
= weight loss over 8 months. He 
>- weighed 100 pounds and was 69 
Inches tall. His legs and arms were 
>- warm and he had a mild tremor. 
~- Blood pressure was 130/78 mm Hg. 
<- The thyroid gland was firm and en- 
_ darged. The jugular veins were dis- 
tended, and bibasilar rales, an S3 
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pulmonary venous hypertension and 
Kerley B lines. The electrocardio- 
gram Showed sinus tachycardia 
(heart rate = 126 beats/min), left 
anterior hemiblock, incomplete right 
bundle branch block and nonspecific 
ST-T-wave abnormalities. Thyroid 
function tests and a thyroid scan 
were consistent with hyperthyroid- 
ism secondary to Grave's disease. 
The initial echocardiogram showed 
left ventricular dilatation, a de- 
creased shortening fraction and cal- 
culated left ventricular ejection frac- 
tion (Table I). Signs of heart failure 
responded prompily to furosemide, 
bed rest and sodium restriction. The 
thyrotoxicosis responded initially to 
super saturated potassium iodide 
and propylthiouracil but recurrent 
hyperthyroidism required repeated 
doses of radioactive F?! for control. 
Echocardiography 6 months later, 
at a time when the patient was eu- 
thyroid, showed normal left ventric- 
ular size and function, and a 34% 
increase in left ventricular mass. A 
thallium exercise test was totally 
normal. 

Previous studies in hyperthyroid 
patients show the left ventricle to be 
typically hyperkinetic and hypertro- 
phied.' The hypertrophy is apparent- 
ly compensatory and reverses with 
treatment.’ The current patient is a 
notable exception in that overt con- 
gestive heart failure was evident with 
the expected high cardiac output but 
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Heart rate (beats/min) 
End-diastolic diameter (cm) 
End-systolic diameter (cr) 
Cardiac output (liters/min) 
Shortening fraction 

Ejection fraction (%) 

Left ventricular mass (g) 
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lar mass increased and his left ven 
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a ENERE study, 20 sub- 
ts with mild hyperlipidemia (en- 

otal cholesterol 6 to 8 mmol/ 
sr) were treated with Tri-B; 
hone Poulenc Rorer, Australia). 
subjects received 500 mg/ 
divided doses for a period of 


jects received (in divided doses) 500 


(from the United States) concerning a 
ular article in the Journal must be re- 
-within 2 months of the article’s publica- 
nd should be limited (with rare excep- 
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-Results (% changes) 
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weeks. A second group of 9 sub- 





mg/day for 3 weeks, then 1 g/day 


< for 3 weeks, and finally 2 g/day for 


6 weeks. We measured Lp(a) using 
antisera from Behring Australia 
and Immuno calibrators (Immuno 
AG, Austria) in a Behring nephe- 
lometer. The detection limit by this 
method is 120 mg/liter, and the co- 
efficient of variation for the assay is 
8%. 

Although 500 mg of Tri-B; had 
no significant effect on total, low- 
and high-density cholesterols and 
apoproteins A, and B, it caused a 
significant decrease in Lp(a) levels 
(from 389 + 84 to 288 + 71 mg/ 
liter). Asummary of the 2 studies is 
shown in the accompanying table. 

Our study demonstrates that even 
at a low dose (500 mg/day) of Tri- 
B; there is significant lowering of 
Lp(a) levels. At this dose, the drug 
is well tolerated, and only 1 patient 


complained of mild flushing. 
Frank Lepre, rrace 
Bruce Campbell, rrecra 
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Permit me to hare some thoughts 
on Roberts’ recent editorial sum- 
mary of the first Ralph D. Alley — 
lecture by Dr. Harry Schwartz, =? _ 
Part of the difficulty the public has _ 
with physician incomes is in trying — 
to reconcile the “good samaritan” _ 
heritage of the medical profession. y 
with unabashed entrepreneurship. — 
But the problem of a bad imag 
based on perceptions of greed an 
excessive remuneration may not en 
tirely be restricted to non-phy 
cians. It would be intructive, fo 
example, to find out what card 
vascular surgeons think of interven 
tional cardiologists and vice vers: 
On other fronts, there are subtle 
tensions between “cognitive” and ; 
“non-cognitive,” and “academic” 
and “non-academic” physicians. 
Primary care careers seem to be un- 
fashionable these days, even as con- 
cern is increasing for underserved © 
populations in the country. These ~ 
issues, among others, foster a lack 
of internal cohesion and make it- 
easier for detractors to take shots at 
physicians as a whole. However, the — 
discrepancy between negative pub- _ 
lic perceptions of physicians as a | 
group, and the positive attitude of — 
people to their own doctors, is strik- 
ingly reminiscent of the U.S. Con- 
gress. People seem to appreciate- 
their own congressmen but do not 
necessarily think highly of the insti- 
tution! Perhaps we can learn some- 
thing from this. 

That physicians in the foreseeable 
future will not be allowed to do ev- 
erything to their patients that they 
are scientifically able to do is unfor- 
tunate. But if we are doing things 
we cando but ought not to bedoing, 
society is in order to call our judg- 
ment into question. The current — 
system encourages people to build 
their careers around specific items 
of technology, thus creating entire 
generations of “retail” physicians 
whose academic and practice pro- — 
file is technologic and self-fulfill- 
ing. Many of us never seem to grasp ~ 
the big picture. The impact of prof- 
it and technology-driven. resource: 
consumption on the inflationary ex-. 








( ouping for solu- 
Ith care crisis, we do 
rofessional flexibility 
3 ned choice over the things 
7 we should be doing? In my opinion 
` this is a more fundamental worry. 
After taking control of the tactical 
h ground, strategic issues of re- 
ration could be better ad- 
= dress din the context of an overall 
- settlement. To weather the gather- 
ing storm, we really ought to pro- 
seed from the premise that as mem- 
bers. of the society, we are team 
ers. If the society collapses, not 
/ Can we not prosper, but all our 
nings would be meaningless, 
f a savings plan is in place! We 
uld be seen to be investing in the 
rvival of the economy and the 
~ long-term health and comfort of the 
_ society at large. We should also be 
much more involved in shaping pol- 
icy debates rather than being pre- 
` sented with administrative and fis- 
cal fait accompli. 
- Although the U.S.A. is unique in 
the western world (excluding South 
- Africa) in its inability to insure all 
“its citizens and provide comprehen- 
_ sive access, it is arguably true that 
-demand for health care is “unre- 
_ Strained.” This is partly because to 
-a greater extent than other coun- 
“tries, every person regards it as a 
. -eradle-to-grave right to be the unit 
of decision making for whom physi- 
-cians can bring the full range of re- 
_ sources to bear. There is also an 
assumption that high technology 
is synonymous with high quality. 
However, although not intuitive- 
ly obvious, one of the interesting 
but less publicized characteristics 
of commodity-health economics is 
at supply may actually dictate 
- significantly influence demand. 











































ealth care industry : Th 
mphasized. How- 
sure that in the 


The t tem 


The health care complex has 


many components including pa- ti 


tients, physicians and allied profes- 
sionals, hospitals, the legal system, 
private and public insurers, as well 
as pharmaceutical and equipment 
manufacturers each of which has 
an effective lobby. Although we 
tend to assume that the patient is 
the only “consumer” of health care, 
this is not totally true. All com- 
ponents of the complex consume 
health care resources, and further 
their own agendas by influencing 
the physician-patient interface. In- 
teraction and competition is multi- 
directional. The physician-patient 
relationship in our generation is, 
therefore, not an intimate one-on- 
one relationship. Although we like 
to think so, the physician is not al- 
ways the revered source of informa- 
tion, comfort and salvation whose 
uncontested role is to pontificate 
about choices open to a patient. 
Because health care functions like 
a commodity, suppliers and con- 
sumers are beholden to numerous 
sources of pressure that shape their 
expectations and behavior. In seek- 
ing to reverse the downturn in our 
fortunes, some insight into the larg- 
er health care debate is in order. 
Estimates of administrative costs 
already vary from 10 to 25% of the 
still rising $700 billion yearly 
health care bill, while health care 
fraud may account for 10% of costs. 
The much heralded “well-insured” 
patient-consumer is bombarded by 
well over 1,000 health plans, and 
terms of coverage are getting slim- 
mer by the day, particularly for 
nonhealthy patients. Risk selection 
rather than risk management has 
become the byword for health in- 
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“apply meia cot o 
_less-loop. economic tachycardia” 
may ‘help characterize this phenom- - 
enon in the minds of cardiologists! 
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The effect of low-dose bile-acid binding resin treatment was investigated 
in women and men with moderate hypercholesterolemia (mean low-densi- 
ty lipoprotein [LDL] cholesterol 4.34 + 0.28 mmol/liter). One hundred 
and fifty-two subjects were randomized to 1 of 4 treatment groups (place- 
bo, and 5; 10 and 15 g/day of colestipol) for 12 weeks. LDL cholesterol 
reductions (mmol/liter) were as follows: placebo, 0.10 + 0.49 (2.7%); 5 g, 
0.65 + 0.41 (16.3%); 10 g, 0.98 + 0.36 (22.8%); and 15 g, 1.17 + 0.47 
(27.2%) (p <0.001). Similar changes were observed in total cholesterol 
and apolipoprotein B concentrations. A dose of 5 g/day of colestipol 
achieved 51% of the LDL cholesterol reduction noted with 15 g/day. Low- 
dose colestipol therapy is effective in the treatment of patients with moder- 
ate hypercholesterolemia and achieves a proportionally greater reduction 
in LDL cholesterol than that oun in hypercholesterolemic subjects. 


CORONARY ARTERY DISEASE 


Ne ee ee 
Greater Diagnostic Sensitivity of Treadmill Versus Cycle 
Exercise Testing of Asymptomatic Men with Coronary Artery 
Disease 

Rainer Ph. Hambrecht, Gerhard C. Schuler, Thomas Muth, Martin F. 
Grunze, Christian T. Marburger, Josef Niebauer, Sabine M. Methfessel, 
and Wolfgang Kübler 


The effect of cycle and treadmill ergometry were compared in 52 asymp- 
tomatic patients with angiographically proved coronary artery disease 
(CAD). The main finding of this study was a significantly higher maximal 
oxygen uptake, heart rate, rate-pressure product, and extent of stress- 
induced myocardial ischemia, assessed by thallium-201 scintigraphy. 
Moreover, there were significantly more patients with signs of myocardial 
ischemia (positive electrocardiogram or typical angina pectoris, or both) 
during treadmill exercise compared with cycle ergometry. These findings 
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suggest that in patients with asymptomatic CAD, treadmill walking seems 
to be more effective in detecting CAD than cycle ergometry. 


BE a aa a a e a 
Prognosis in Rupture of the Ventricular Septum After Acute 
Myocardial Infarction and Role of Early Surgical Intervention 
Robert Lemery, Hugh C. Smith, Emilio R. Giuliani, and Bernard J. Gersh 


Since 1944, 91 patients (50 men and 41 women, with a mean age 68 years 
[range 39 to 86]) with ventricular septal rupture after acute myocardial 
infarction were seen at the Mayo Clinic. Patients were analyzed according 
to therapy and timing of surgical intervention. Fourteen patients seen 
before 1965, when surgery was not performed for such a complication or 
not readily available, were excluded from the analysis. Short-term (30 
days) survivors (45%, 35 of 77 patients) were compared with nonsurvivors. 
With use of logistic regression by univariate analysis, 3 variables were 
significantly associated with outcome: age (p <0.01), cardiogenic shock 
(p <0.00001), and long delay between ventricular septal rupture and 
surgical intervention (p <0.004). By multivariate analysis, however, only 
cardiogenic shock (p <0.00001) and age (p <0.007) correlated with an 
adverse outcome. In patients in cardiogenic shock after septal rupture, 
only those treated surgically within 48 hours survived. The potential for 
rapid and unpredictable deterioration in the nonsurgical group and the 
good surgical results warrant early repair for most patients with ventricu- 
lar septal defect after acute myocardial infarction. 


L92 i 
Prognostic Value of Changes in R-Wave Amplitude During 
Exercise Testing After a First Acute Myocardial Infarction 
Fabrice Leroy, Jean M. Lablanche, Christophe Bauters, Eugène P. 
McFadden, and Michel E. Bertrand 


The prognostic value of exercise-induced changes in R-wave amplitude 
was investigated in 303 consecutive patients after a first myocardial in- 
farction. R-wave amplitude increased or was unchanged in 159 patients 
(57.4%) and decreased in 118 (42.6%). Increased R-wave amplitude was 
related to severity of coronary disease, extent of ST-segment depression on 
exercise, and time to 1 mm ST depression. During follow-up of 4 + 1.8 
years, 25 patients (9%) died from a cardiac cause, 18 (6.5%) developed 
infarction, and 32 (11.6%) developed angina. Increased R-wave ampli- 
tude had no predictive value for cardiac death or recurrent infarction. The 
relation between increased R-wave amplitude (p = 0.0001) and the pres- 
ence of angina at follow-up appears to be related to the presence of more 
severe. underlying coronary disease. 


a 
Effects of Captopril on Left Ventricular Systolic and Diastolic 
Function After Acute Myocardial Infarction | 

Carl-Otto Ggtzsche, Peter Sygaard, Jan Ravkilde, and Kristian Thygesen 


The effect of captopril on left ventricular systolic and diastolic function in 
patients with acute myocardial infarction and signs of early left ventricu- 
lar dysfunction was evaluated in a placebo-controlled double-blind paral- 
lel study. Fifty-eight patients were randomized, and 53 completed the 6- 
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month study period. The left ventricle dilated and diastolic function was 
increasingly compromized in the placebo group, whereas captopril pre- 
vented dilatation of the left ventricle, improved ejection fraction and 
prevented diastolic dysfunction. 


161 
Acute and Long-Term Outcome of Narrowed Saphenous 
Venous Grafts Treated by Endoluminal Stenting and 

. Directional Atherectomy — 
Richard M. Pomerantz, Richard E. Kuntz, Joseph P. Carrozza, Robert F. 
Fishman, Michael Mansour, Stuart J. Schnitt, Robert D. Safian, and 
Donald S. Baim 


Over a 37-month period, 119 of 176 interventional procedures (68%) 
performed on saphenous vein grafts (mean age of 8.3 years) were done 
using either directional coronary atherectomy (n = 35) or Palmaz-Schatz 
stents (n = 84) rather than conventional angioplasty. Of the remaining 57 
saphenous vein graft stenoses treated with conventional angioplasty dur- 
ing this period, 49 (86%) had 1 or more contraindications to stenting or 
directional atherectomy. There were no emergent coronary bypass surger- 
ies, deaths or Q-wave myocardial infarctions. During the same time peri- 
od, 50 of 57 vein grafts (88%) were dilated successfully by conventional 
balloon angioplasty, 3 (5%) of which required emergent coronary bypass 
surgery. Angiographic follow-up was available in 50 of 64 patients (78%). 
Restenosis developed in 13 of 50 treated stenoses (26%) (8 of 32 stented 
grafts and 5 of 18 atherectomy grafts), substantially lower than the reste- 
nosis rates previously reported after conventional balloon angioplasty of 
saphenous vein grafts. These data suggest that most focal stenoses in 
saphenous vein bypass grafts may be treated safely and effectively using 
Palmaz-Schatz stenting or directional atherectomy, possibly with better 
acute and late results compared with those obtained with conventional 
balloon angioplasty. 


168 

Comparison of Accuracy for Detecting Coronary Artery 
Disease and Side-Effect Profile of Dipyridamole Thallium-201 
Myocardial Perfusion Imaging in Women Versus Men 

Barbara A. Kong, Leslee Shaw, D. Douglas Miller, and 

Bernard R. Chaitman 


The relative diagnostic accuracy and prevalence of adverse effects of 
dipyridamole thallium-201 testing in women were compared with that in 
male patients. Sensitivity for detection of coronary artery disease was 0.87 
in women and 0.94 in men. Specificity was 0.58 in - women and 0.63 in 
men. Sensitivity for detection of 1-vessel disease was 0.60 in women and 
0.94 in men (p = 0.001). The sensitivity for detection of multivessel dis- 
ease (with or without revascularization) was 1.0 and 0.94 in women and in 
men, respectively. Adverse effects were reported in 62% of women and 
38% of men (p = 0.01). There was no significant difference in the inci- 
dences of chest pain, headache, nausea, flushing or electrocardiographic 
changes. The incidences of severe ischemia and dizziness were higher in 
women. 
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Strategy of Complete Revascularization in Patients with 
Multivessel Coronary Artery Disease (A Report from the. 
1985-1986 NHLBI PTCA Registry) 

Martial G. Bourassa, Richard Holubkov, Wanlin Yeh, Katherine M. Detre, 
and the Co-investigators of the National Heart, Lung, and Blood Institute 
Percutaneous ae Coronary Angioplasty Registry 


_ Reasons for incomplete pecan were assessed in 618 patients 
with multivessel coronary artery disease in the 1985-1986 National 
Heart, Lung, and Blood Institute Percutaneous Transluminal Coronary 
Angioplasty (PTCA) Registry. All significant narrowings (>50% luminal 
diameter stenosis) were considered amenable to PTCA in 77% of patients. 
However, complete correction was intended only for 34%;-it was attempt- 
ed in 28% and successful in 19% of patients. Only 63% of total occlusions 
were considered amenable to PTCA, and only 54% of those attempted 

were successfully dilated. PTCA was intended. for 38% with 50 to 69% 
versus 80% with 70 to 89% coronary stenoses and for >85% with narrow- 
ings =90%. Thus, incomplete revascularization is frequent after PTCA, 
and major reasons for incomplete correction include total occlusions that 
are not PTCA amenable.or are unsuccessfully attempted, and less than 
severe (50 to 69%) coronary narrowings for which PTCA is frequently not 
intended. 


179 OEE ee eee, eae a ee ee a ERE Ee ee, See ee Ye ee, 
Mortality After Coronasy Angioplasty and Coronary Artery 
Bypass Surgery (The National Medicare Experience) 

Arthur J. Hartz, Evelyn M. Kuhn, David B. Pryor, Henry Krakauer, Mark 
Young, Gustavo Heudebert, and Alfred A. Rimm 


Mortality rates for Medicare-patients who had coronary artery bypass . 
surgery were compared with those who had angioplasty or angioplasty and 
bypass surgery. Data for the study included mortality information on all 
96,666 Medicare patients who had bypass surgery or angioplasty in 1985 
and detailed clinical information for a sample of 2,362 patients who did 
not have a myocardial infarction. From the national data set, 30-day and 
1-year mortality rates were 3.8 and 8.2% for 25,423 angioplasty patients 
and 6.4 and 11.8% for 71,243 bypass surgery patients. Mortality rates for 
the sample of patients were 1.9 and 6.0% for 632 angioplasty patients and 
5.1 and 10.8% for 1,730 bypass surgery patients. The risk-adjusted rela- 
tive risk of mortality for bypass surgery versus angioplasty was 1.72 
(p.= 0.001) for all patients, 2.15 (p <0.001 ) for low-risk patients and 0.90 
(p = not significant) for high-risk patients. Results suggest that low-risk 
patients have better survival with angioplasty because of lower short-term 
ay 


186 D ea ee ee ae ee nee eee ee 
Cardiac Response to Combined Moderate Heat and Exercise in 
Men with Coronary Artery Disease 

Lois M. Sheldahl, Nancy A. Wilke, Sara Dougherty, and Felix E. Tristani 


Moderate exercise was performed for 60 minutes in warm (30.0 + 0.9°C) 
and thermoneutral (21.5 + 0.3°C) environments to evaluate the effect of 
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heat stress on cardiac performance during work in men with coronary 
disease. In the warm environment, heart rate was increased (p <0.05) and 

stroke volume tended to be decreased (p <0.08), with no difference in 
cardiac output compared with that in the thermoneutral environment. 
Left ventricular ejection fraction and arterial pressure did not change 
from minute 6 to 60 of exercise in the warm environment. Arrhythmias 
were not altered by exercise time or environment. These responses suggest 
that there is preserved cardiac function in men with uncomplicated coro- 
nary disease when performing moderate work in combination with moder- 
ate heat stress. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


193 ee ee a ee ey ee eee ee ea 
Mechanisms and Dynamics of Episodes of Progression of 2:1 
Atrioventricular Block in Patients with Documented Two-Level 
a Conduction Disturbances 
Agustin Castellanos, Marilyn M. Cox, Pedro R. Fernandez, Alberto 
Interian, Jr., Manuel Mayor, Tomas Ravina, and Robert J. Myerburg 


The mechanisms and dynamics of progression of 2:1 into higher degrees of 
atrioventricular (AV) block were analyzed during incremental atrial pac- 
ing in 7 consecutively studied patients with documented 2-level block. 
Thirteen episodes were typical because progression of 2:1 AV block was 
due to previously described mechanisms and with the same dynamics as at 
the AV node. Seven episodes were atypical because, while atrio-His (AH) 
Wenckebach periods were occurring: (1) 2:1 increased to 3:1 and then to 
4:1 AV block when prolonged His-Purkinje refractoriness coexisted with 
concealed conduction; (2) 3:2 converted directly to 3:1 block due to block 
of the next-to-last atrial impulse in the His-Purkinje system during an AH 
Wenckebach period that terminated with the following atrial impulse; and 
(3) 4:2 AV block presumably occurred in a transversely dissociated His- 
Purkinje system. At the AV node or His-Purkinje system the correspond- 
ing A(M):V(N) conduction ratios would have indicated different degrees 
of AV block. This study shows that the phenomenon under consideration, 
occurring during documented 2-level block could (1) be explained by more 
mechanisms than previously known, and (2) have dynamics different from 
those observed at the human AV node or at the His-Purkinje system. 


| a a ee eae ee a 
Electrocardiographic Abnormalities After Radiofrequency 
Catheter Ablation of Accessory Bypass Tracts in the Wolff- 
Parkinson-White Syndrome 

Mark A. Wood, John P. DiMarco, and David E. Haines 


Radiofrequency catheter ablation procedures provide a unique opportuni- 
ty to study electrocardiographic repolarization abnormalities known to 
‘occur after the loss of ventricular preexcitation. After ablation of manifest 
atrioventricular pathways, serial electrocardiograms in 9 of 19 patients 
demonstrated electrocardiographic abnormalities after the procedure. 
Seven patients with overt right-sided accessory pathways who also had the 
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most preexcited QRS complexes demonstrated left superior frontal plane 
T-wave axis deviation after ablation. Three patients (1 right and 2 left 
accessory pathways) had conduction abnormalities after ablation that 
resolved within 18 hours. T-wave changes appeared to be due to the abrupt 
‘loss of preexcitation, rather than to injury during Poan, 


> 3 | i PERN A EA A EEA AEE POE DE AA AE E A E 
Improved Detection of Accessory Pathways That Bridge 
Posterior Septal and Left Posterior Regions in the Wolff- 
Parkinson-White Syndrome 

Margaret A. Hood, James L. Cox, Bruce D. Lindsay, T. Bruce Ferguson, 
Jr., Kenneth B. Schechtman, and Michael E. Cain | 


To improve the identification of accessory pathways that bridge the poste- 
rior ‘septum and left posterior free wall, coronary sinus maps during atrial 
pacing and orthodromic supraventricular tachycardia from 21 patients . 
(group I) who needed dissection of both anatomic regions were compared 
with data from 23 (group II) with pathways confined to the posterior 
septum and from 9 (group III) with left posterior pathways. The site of 
earliest ventricular or atrial activation was not helpful alone in distinguish- 
ing accessory pathways that bridged both anatomic regions, because 14 of 
21 patients (66%) in group I would have been misclassified to either group 
II or III. In contrast, a new, directional measure of conduction time 
between adjacent mapping sites over the posterior septal/left posterior 
junction differed significantly in group I patients compared with in groups 
II (p <0.01 to <0.0003) and III (p <0.04 to <0.0001) patients. A 
multivariate model that incorporated the most powerful group differences 
in directional conduction times improved the identification of group I 
patients, with a sensitivity of 87% and a specificity of 90%. 


I es A EE 
Recordings from the Slow Zone of Reentry During Burst 
Pacing Versus Programmed Premature Stimulation for 
Initiation of Reentrant Ventricular Li beatae in Patients with 
Coronary Artery Disease 

Moh'd A. Habbab and Nabil El-Sherif 


Programmed premature siiiulaton and burst pacing were compared for 
the initiation of ventricular tachycardia (VT) in 16 patients with inducible 
sustained monomorphic VT. In all patients VI could be induced by 
programmed premature stimulation with 2 or 3 extrastimuli. On the other 
hand, initiation of VT by burst pacing was dependent on the length of the 
train; only 2 to 4 of the 11 trains tested could induce VT in any single 
patient. Recordings from the slow zone of reentry showed that pro- 
grammed premature stimulation that induced VT resulted in a critical 
degree of conduction delay. Similarly, the last beat of a burst pacing train 
that induced VT was always followed by a similar degree of local conduc- 
tion delay, whereas trains that failed to induce VT were followed by a 
lesser delay. In contrast to programmed premature stimulation, burst 
pacing could initiate, conceal, terminate and reinitiate reentry depending - 
on the length of the train. 
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Effectiveness of Low-Dose Colestipol Therapy in 
Patients with Moderate Hypercholesterolemia 
H. Robert Superko, MD, Philip Greenland, MD, Ralph A. Manchester, MD, 


Nicholas A. Andreadis, MD, Gordon Schectman, MD, Nancy Hendriksen West, 
Donald Hunninghake, MD, William L. Haskell, PhD, and Jeffrey L. Probstfield, MD. 


Recommended doses of bile-acid binding resins 
have an established hypocholesterolemic effect, _ 
but data on responses to low doses, especially in 


~ women and subjects with moderate hypercholes- 


terolemia, are sparse. A double-blind, placebo- 
controlled, randomized trial of 3 low doses of co- 
lestipol hydrochloride was conducted in women 
and men with moderate hypercholesterolemia. 
Men and women with plasma low-density lipopro- | 
tein (LDL) cholesterol concentrations >4 mmol/ 
liter (155 mg/dl) and triglyceride concentrations 
<2.82 mmol/liter (250 mg/dl) were recruited for 
the study. Eligible patients (54 women and 98 
men) were placed on the American Heart Associa- 
tion step I diet 6 weeks before randomization. Par- 
ticipants were subsequently assigned to 1 of 4 
drug treatment groups (placebo, and 5, 10 and 15 
g/day of colestipol in 2 divided doses) for an addi- 
‘tional 12 weeks. Of the 152 patients randomized, 
141 completed all aspects of the study. For the 


.. treatment groups — placebo, and 5, 10 and 15 ¢ 


of colestipol — LDL cholesterol reductions (mmol/ 
liter) were observed respectively (n = 141): 0.10 + 
0.49 (2.7%), 0.65 + 0.41 (16.3%), 0.98 + 0.36 
(22.8%) and 1.17 + 0.47 (27.2%) (p <0.001). 
Similar changes were observed in total cholesterol 
and apolipoprotein B concentrations. The apolipo- 
protein B/LDL cholesterol ratio increased signifi- 
cantly with increasing colestipol dosage. Modest 
but insignificant changes in plasma triglyceride 
levels occurred, and high-density lipoprotein. 
cholesterol levels remained unchanged. A dose of 
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5 g/day of colestipol achieved 51% of the LDL 
cholesterol reduction noted with 15 g/day. Low- 
dose colestipol therapy is effective in the treat- 


ment of patients with moderate hypercholesterol- 


emia. The proportionally greater LDL cholesterol 
reduction in moderate compared with severe hy- 
percholesterolemia was confirmed by examination 
of the Lipid Research Clinics’ Coronary Primary 
Prevention Trial data set. 

: (Am J Cardiol 1992;70:135-140) 


the reduction of elevated concentrations of low- 

density lipoprotein (LDL) cholesterol for >2 de- 
cades.! Previous investigations using these agents gener- 
ally studied patients with cholesterol values exceeding 
the 90th percentile.? Patients in these investigations 
were predominately men, and there are scant data on 
the effect of bile-acid binding resins in women. The Na- 
tional Cholesterol Education Program (NCEP) Adult 
Treatment Panel Guidelines recommend drug therapy 
in subjects with elevated LDL cholesterol and coronary 
artery disease or 22 coronary artery disease risk fac- 
tors, with the intent of achieving an LDL cholesterol 
level of 3.36 mmol/liter or considerably lower.? Dose 
response studies of the effect of bile-acid binding resins 
in hypercholesterolemic patients have been published, sald 
but there is a paucity of such information -in patients 
with moderate hypercholesterolemia. This investigation 
examined the effectiveness of low-dose colestipol in pa- 
tients with moderate hypercholesterolemia who are now 
targeted as possible candidates for drug treatment by 
the NCEP Adult Treatment Panel Guidelines. 


Bes binding resins have been used routinely for 


MET HODS 
. Study design: The investigation was a multicenter, 

double-blinded, randomized, placebo-controlled study 
designed to evaluate the effect of 3 low doses of colesti- 
pol resin on plasma lipoproteins in subjects with moder- 
ate hypercholesterolemia. After an 8-week baseline diet 
stabilization phase, subjects were randomized into 1 of 
4 groups and received either placebo or drug for 12 
weeks. Subjects were instructed on a step I diet by reg- 
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TABLE I Mean Baseline Values for All Subjects (n = 141) for Age, Weight, and Plasma Cholesterol and Apolipoprotein B (mmol/liter) 


Group (n) 


Placebo (36) 
5 g(36) 

10 g (33) 
15 g (36) 
Total (141) 


Age 
(yr) 


49+ 10 
50 + 12 


51+1 


46+ 13 
49+ 12 


Weight 
(kg) 


79 +14 
74213 
i 76& 15 
74413 
76+ 13 


Total 
Cholesterol 


6.29 + 0.44 
6.27 + 0.38 
6.20 + 0.30 
6.21 + 0.43 
6.25 + 0.39 


LDL 
Cholesterol 


4,35 + 0.26 
4.39 + 0.31 
4.36 + 0.23 
4.34 + 0.31 
4.36 + 0.28 


HDL 
Cholesterol 


1.26 + 0.33 
1.28 + 0.34 
1.23 + 0.27 
1.28 + 0.28 
1.26 + 0.30 


Triglyceride 


1.48 + 0.50 
1.33 + 0.55 
1.41 + 0.44 
1.29 + 0.50 
1.38 + 0.50 


Apo B 


1.11 + 0.21 
1.10 + 0.16 
1.09 + 0.16 
1.12 + 0,17 
1.10 +0.17 


Values are mean + SD. None of the mean values are significantly different from one another. Systeme International conversion factors were used. To convert cholesterol to mg/dl, 
ee by 38.7. To convert deed to mg/di, multiply by 88.6. To convert protein to mg/di, multiply by 190. - 
po oe tee 


apolipoprotein 8; HD 


istered dietitians 6 weeks before randomization and re- 
quested to maintain the diet recommendations through- 
out the study. Blood lipid values were obtained at base- 
line phase weeks 1, 2, 3 and 8, and treatment weeks 4, 8 
and 12. Apolipoprotein B values were obtained at base- 
line phase weeks 2 and 8, and treatment phase week 12. 
Clinical data and diet compliance information were col- 
lected on weekly visits during the baseline 8-week phase 
and biweekly during the treatment phase. 

Subjects: One hundred and fifty-two subjects (54 
women and 98 men, mean age 48.9 + 12 years) with 
pretrial LDL cholesterol concentrations >4 mmol/liter 
(155 mg/dl) and triglycerides <2.82 mmol/liter (250 
mg/dl) were randomized. Subjects with diabetes, renal 
insufficiency, thyroid or liver disease were excluded 
from the trial. The racial composition of the group in- 
cluded 3 blacks, 4 Orientals, 1 Spanish American, 1 
other and the remainder Caucasian. Antihypertensive 
medications were not criteria for exclusion, if blood 
pressure was stable and the dose was anticipated to be 
maintained during the trial. Seventeen subjects were re- 
ceiving §-blocker and 6 diuretic therapy. For the entire 
group, mean baseline total and LDL cholesterol were 
6.26 + 0.41 and 4.34 + 0.28 mmol/liter, respectively; 
the values in women were 6.34 + 0.40 and 4,33 + 0.29, 
and in men 6.18 + 0.37 (p= 0.01) and 4.36 + 0.27, 
respectively. LDL cholesterol was >75th and <90th 
percentile in both men and women according to the Lip- 
id Research Clinic Prevalence Study.? Of 152 subjects 
randomized, 11 did not complete the study; 7 withdrew 
for personal reasons (primarily, lack of time) that were 
unrelated to medication or side effects (placebo, n = 1; 
5 g,n=3; 10 g, n= 1; and 15 g, n= 2), 3 owing to 
constipation and hiatal hernia symptoms (all in the 10 g 
group), and 1 owing to infection (placebo). Thus, 141 
subjects (92 men and 49 women) completed all phases 
of the trial. The mean baseline total plasma cholesterol 
concentration of the 141 subjects (6.26 + 0.41 mmol/ 
liter) was between the 75th and 90th percentile for 
white American men aged 45 to 49 years. This range 
represents a prime target group for treatment according 
to the new NCEP guidelines.’ No other lipid lowering 
drugs were permitted during or for 4 weeks before the 
study. No subject was treated with probucol in the 6 
months before the investigation. 

Treatment assignment: Subjects were randomized 
into 4 groups. Group A received a placebo, and group B 
a daily dose of 5 g, group C a daily dose of 10 g, and 





high-density lipoprotein; LDL = low-density lipoprotein. 


group D a daily dose of 15 g of colestipol. Resin and 
placebo were prescribed in 2 daily doses to be taken 20 
minutes before the morning and evening meals. Drug 
treatment began after obtaining the blood sample at 
week 0. Adherence was determined by packet count. 

Laboratory methods: Blood samples were obtained 
after an overnight fast, and plasma triglycerides, and 
total and high-density lipoprotein (HDL) cholesterol 
concentrations were determined using methodology de- 
veloped by the Lipid Research Clinics.!° LDL cholester- 
ol was calculated using the Friedewald equation.!! Each 
of the 3 centers involved in this study determined lipid 
and lipoprotein values in their respective laboratories. 
All apolipoprotein B values were determined at a cen- 
tral laboratory at the Medical College of Wisconsin us- 
ing a rocket gel electroimmunoassay.'* The coefficient 
of variation for repeat apolipoprotein B measurement 
was 5.4%. 

Statistical procedures: Analysis of variance was 
used to determine if: there were significant differences 
among groups at baseline. To determine if the changes 
in selected variables in response to placebo or drug were 
significant, the mean of the first 4 values obtained dur- 
ing the baseline (no drug) phase was compared with the 
mean of the 3 values obtained during the treatment 
phase after 4, 8 and 12 weeks of therapy using analysis 
of variance. A 2-sample Student’s ¢ test was used to 
determine significance of the differences in the mean 
changes between the placebo and individual treatment 
groups if analysis of variance was significant. Fur- 
thermore, analysis of variance with a test for linear 
trends was used to determine the significance of group 
changes. Significance was defined at p <0.05. 


RESULTS 

Baseline: Of 152 subjects randomized, 11 did not 
complete the study (2 in the placebo group, and 3, 5 
and 1 in the 5, 10 and 15 g groups, respectively). Thus, 
the primary data analyses were performed in groups 
randomized as follows: placebo, n= 36; 5 g, n = 36; 
10 g, n = 33; and 15 g, n = 36. Analysis of variance of 
group means at baseline indicated no significant inter- 
group differences in age, body weight or height, or any 
lipid, lipoprotein or apolipoprotein measurement (Table 
J). Furthermore, there were no significant intergroup 
differences when baseline data for all 152 patients ran- . 
domized and for the 141 completing the trial were ana- 
lyzed. Using chi-square test for 2-way contingency ta- 
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bles, no significant differences among medication 
groups with respect to gender (p = 0.42) or race (p = 
0.31) were detected. 

Responses to therapy: Stepwise reductions in total 
and LDL cholesterol were observed for colestipol doses 
of 5, 10 and 15 g/day. A significant (p <0.001) step- 
wise reduction in mean total cholesterol from the 4 
baseline values compared with the mean values ob- 
tained at 4, 8 and 12 weeks of treatment for the placebo 
and 3 graduated treatment groups were 0.8, —8.1, 
~13.0 and —17.4%, respectively (Table II and Figure 


1); the significant (p <0.001) percent changes for LDL 
cholesterol in the same groups were —2.4, —14.7, —22.5 
and —26.8%, respectively. 

Apolipoprotein B measurements were completed in 
139 subjects. Percent changes in Apolipoprotein B from 
baseline (mean of 2 measurements) to 12 weeks of 
treatment followed a dose response pattern (p <0.06) 
for the placebo and 3 graduated treatment groups (4.7, 
0.8, —4.6 and —12.1%, respectively). The ratio of Apo- 
lipoprotein B to LDL cholesterol increased in a signifi- 
cant (p <0.04) stepwise fashion, and mean changes 


TABLE fi Mean Change Between Baseline Visits (mean of 4 values) and Three Values Obtained During Treatment at 4, 8 and 12 


Weeks (mmol/liter; n = 141) 


Total 
Cholesterol 


-0.05 + 0.60 
-0.52 + 0.47 
—0.81 + 0.34 
~1.08 + 0.52 


LDL 
Cholesterol 


Group (n) 


-—0.10 + 0.49 
—0.65 + 0.41 
—0.98 + 0.36 
—1.17 + 0.47 


Placebo (36) 
5 g (36) 

10 g (33) 
15 g (36) 


HDL 
Cholesterol 


—0.02 + 0.14 
0.03 + 0.18 
0.04 + 0.14 

-0.01 + 0.14 


Apo B/ 
LDL Cholesterol 


0.02 + 0.17 
0.11 + 0.18 
0.15 + 0.15 
0.12 + 0.22 


Triglyceride 


0.17 + 0.31 
0.23 + 0.33 
0.28 + 0.49 
0.17 + 0.42 


Apo B 


0.01 + 0.30 
-0.01 + 0.29 
-0.06 + 0.22 
—0.16 + 0.27 


Values are mean + SE. Significant stepwise reduction in total cholesterol (p <0.00001), LDL cholesterol {p <0.00001), Apo B (p <0.07) and Apo B/LDL cholesterol (p <0.04) 


{n = 139 for Apo B). 
Abbreviations as in Table Í. 





FIGURE 1. Total cholesterol (TC) and low- 
density lipoprotein cholesterol (LDLC) con- 
centrations (mmol/liter) at 4 prerandomi- 
zation visits and 3 post-treatment visits. 
Stepwise reduction by dose. 
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TABLE ff Mean Change (mmol/liter) Values in the Four Groups According to Gender 


l Toal HDL LDL 
Triglyceride Cholesterol Cholesterol Cholesterol 





Apo B 









Baseline 





1.2 + 0.2 
















Men (n = 93) 14+0.5 62+ 0.4, 4.4+0.3 °1.11 + 0.2. 

Women (n = 48) 132405 642+0.4* 14+0,3* 4340.3 1.08 + 0.2 
Placebo p . o 

Men (n = 26} 0.12 —0.16 .; —0.01 —0.19 (-—4.5%) 0.01 (5.4%) 

Women {n = 10) 0.32 0.23 . —0.04 0.12 (3.0%) 0.01 (2.1%) 

"Men (n = 22) , 0.19 —0.50 —0.00 —0.59 (-13.1%) -0.04 (~2.4%) 

‘Women (n = 14) 0.29 -0.54* ; 0.09 —-0.75(-17.2%) 0.05 (5.4%) 
10g : l 

Men (n = 20) 0.35 —0.59 0.06 —0.91 (-20.6%) —0.05 (-3.2%) 

Women (n = 13) 0.19 —1.00 0.01  —1.09 (-25.5%) —0.07 (~4.9%) 
15g , ; ; ' 

Men (n = 25) 0.20 —1.06 —0.03 1.12 (-25.5%) —0.14 (~10.5%) 

Women(n=11) ` 0.11 akas" 0.09 —1.28 (—29.8%) 











~0.19 (—16.8%) 


*p <0.05. , Y 
SD values were excluded intentionail 


y, because rale and female groups were too smali for meanirgful statistical analysis. 
Abbreviations as in Table I. 


. 
. 
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TABLE IV Studies That Report Dose Effects of Bile-Acid Binding Resins 








Mean LDL Cholesterol % _ 


1 


Mean (mmol/liter) Reduction (packet/day) 
No. of Pts. Baseline : 
Resin Population (M/F) LDL Cholesterol l 


Pediatric FH 
Type H 

Type Ila 
Type Ila 
Hyperchol. 
Hyperchol. 


26 (18/8) 
18 (16/2) 
23 (19/4) 
85 (?) 

16 (4/12) 
19 (8/11) 


Colestipol* 
Colestipol . 
Colestipol 
Colestipol 
Cholestyramine 
Cholestyramine 


a 2 adjusted to 70 kg 
FH = 


amilial heterozygous hyperlipidemia; Hyperchol. = hypercholesterclemia; LDL = low-density lipoprotein. 


from baseline for the 2 highest drug doses were also - increased significantly from baseline: placebo = +11.9% 


significant. | 
No significant linear trends were evident for changes 
in triglyceride (p = 0.84) or HDL cholesterol (p = 0.18). 


concentrations. Triglyceride values in each dose group’ 


RANA 


i ELLIANT LLLE UTLU SI | 
ve EBLUL Lbs N EN 


Placebo 10 Gm 





Treatment Group 


lesterol Education Program Adult Treatment Panel goal (low- 
density lipoprotein cholesterol <3.36 mmol/liter). 


FIGURE 2. Percentage of each group achieving National Cho- | 


(p <0.05); 5 g = +16.7% (p <0.05); 10 g = +18.2% (p 
<0.05); and 15 g = +14.8% (p <0.1). There were no 
significant differences between groups. ; 
The number of women in each group (placebo, 
n=9; 5 g,n=16; 10 g, n= 13; and 15 g, n= 11) re- 
sulted in groups too small to result in meaningful analy- 
sis by gender. However, there appeared to be a trend 
toward greater LDL cholesterol reduction in women 
(Table II). More importantly, the percent LDL choles- 
terol reduction achieved by men is consistent with previ- 
ous investigations in which male subjects were primarily. 
used. 
. Patients achieving National Cholesterol Education 
Program goal: Patients who achieved a mean LDL cho- 


- lesterol <3.36 mmol/liter during the treatment phase 


were classified as achieving the NCEP LDL cholesterol 


` goal. Of 105 subjects who completed the trial and re- 
_ ceived colestipol, 46% achieved the NCEP LDL choles- 


terol goal. The percentage of each dose group achieving 
this goal increased in a significant (chi-square 46.4; p 
<0.0001) stepwise manner (Figure 2). Mean LDL cho- 
lesterol before colestipol was slightly but significantly (p 
<0.03) higher in subjects who did not achieve the LDL 
cholesterol goal (4.40 + 0.26 mmol/liter) than in those | 
who did (4.29 + 0.28 mmol/liter). 

Diet effect: The dietary intervention was initiated 6 
weeks before the drug administration phase. Examina- 


1 
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tion of lipid values 8 weeks before the drug phase and at 
week 0 indicate that the mean total and LDL cholester- 
ol values for all 4 dose groups combined (n = 141) 
decreased by 0.21 mmol/liter (3.4%; p= 0.001) and 
0.16 mmol/liter (3.9%; p = 0.003), respectively. Lipid 
changes in response to the diet were not significantly 
different among the groups. 

Clinical variables: Clinical variables including blood 
pressure and heart rate at rest, alcohol consumption, 
and hemoglobin, creatinine and glucose concentrations 
did not change significantly during the study in any 
group. Mean change between 6 weeks before and at 
week 12 of the drug phase in glutamic oxaloacetic 
transaminase levels were not significant in any group 
(placebo = —0.8 + 10 U/liter; 5 g = 2.5 + 12 U/liter; 
10 g = —1.6 + 25 U/liter; and 15 g = 3.3 + 9 U/liter). 
Body weight tended to decrease in a dose-response fash- 
ion (p = 0.02) (placebo = —0.32 kg; 5 g = —0.32 kg; 10 
g = —0.58 kg; and 15 g = —1.55 kg). Statistical adjust- 
ment for changes in weight did not significantly alter 
the lipoprotein-colestipol dose-response relation. 

Side effects: In all, 63 side effects were reported 
during the course of the study with their frequency be- 
ing similar among the placebo and active drug groups 
(placebo = 15; 5 g=21; 10 g=14; and 15 g= 13). 
The most frequently reported side effects were gastroin- 
testinal disturbances (n = 18), but more of these oc- 
curred in the placebo (n = 6) than in any of the active 
drug groups. This is similar to results reported in the 
Coronary Primary Prevention Trial.’ 


DISCUSSION 

Despite the established use of bile-acid binding res- 
ins, little information is available regarding lower dose 
response effects in subjects with moderate hypercholes- 
terolemia and in women. For the treatment of elevated 
LDL cholesterol, the bile-acid binding resins colesti- 
pol and cholestyramine are recommended as agents of 
first choice.? They are prescribed in different absolute 
weights, but packaged in a manner that allows similar 
(1 to 6 packets/day) dosing recommendations. 

Studies that used a single, moderate to high dose of 
either 3, 4 or 6 packets/day demonstrated total choles- 
terol reductions ranging from 12 to 25% and LDL cho- 
lesterol reductions from 17 to 32%.13-17 In these investi- 
gations there is a strong correlation (r = 0.64) between 
the number of packets and mean LDL cholesterol re- 
duction. 

Studies that investigated the dose-response issue 
have tended to concentrate on doses =3 packets/day 
(Table IV). In these studies, the dose of bile-acid bind- 
ing resins correlated significantly with mean LDL cho- 
lesterol reduction, but did not appear to be linear.*? 
One half of the recommended full dose of 6 packets/ 
day achieves approximately 75% of the LDL cholesterol 
reduction observed when a full dose is prescribed. These 
investigations suggest that the greatest response can be 
achieved at low doses and that high-dose resin therapy 
_ contributes progressively less to LDL cholesterol reduc- 
tion. No previous study investigated the lower dose-re- 
sponse issue in a normal or moderately hypercholester- 
olemic patient population. 


TABLE V One-Year Change (all dose groups) in Low-Density 
Lipoprotein Cholesterol in the Coronary Primary Prevention Trial 


Mean LDL Cholesterol (mmol/L) 





LDL-Cholesterol 
Quartile 





Group Baseline 1 Year % Reduction 







Placebo 







Cholestyramine 





4 
LDL = low-density lipoprotein. 


In the Coronary Primary Prevention Trial,!® a dose 
response between self-selected packet count and plasma 
total cholestrol reduction was demonstrated. A recent 
analysis of the l-year LDL cholesterol change in the 
Coronary Primary Prevention Trial revealed LDL cho- 
lesterol reductions in the quartiles that are compatible 
with the findings in the present investigation (Table V) 
(i.e., the greatest percent reduction in LDL cholesterol 
was found in the lowest quartiles). 

In our investigation, an LDL cholesterol reduction of 
12.3% with diet and the lowest dose of 5 g/day was 
followed by a significant stepwise further reduction in 
LDL cholesterol of 7.8 and 4.3% in the 2 higher dose 
groups compared with that in the control group. The 
dose of 5 g/day achieved 51% of the LDL cholesterol 
reduction detected with the 15 g dose. Unlike several 
previous investigations that used a crossover design, the 
graded doses in this investigation were not a scheduled 
dose increase within 1 group; 3 doses were investi- 
gated in 3 independent groups. Individual participant 
dose correlated well with LDL cholesterol reduction 
(r = 0.67, p <0.001). Triglyceride and HDL-cholesterol 
concentrations revealed no significant change, which is 
consistent with previous investigations.>-!6 Our investi- 
gation indicates that a substantial amount of the effect 
of a low-dose regimen in moderate hypercholesterol- 
emia is achieved with the lowest dose used. 

Bile-acid binding resin therapy affects LDL particle 
composition and can result in a smaller, more dense 
LDL particle with an increase in triglyceride con- 
tent.!620 This is important because lipoprotein size and 
density may affect the biologic activity of apolipoprotein 
B and the interaction of the LDL particle with cells.! 
The predominance of smaller LDL subclasses is associ- 
ated with an increased risk of coronary artery disease.?? 
In our investigation, LDL cholesterol reduction was ac- 
companied by relatively less apolipoprotein B reduction 
that resulted in a significant stepwise increase in apo- 
lipoprotein B/LDL cholesterol (p <0.04). Apolipopro- 
tein B/LDL cholesterol change from baseline values 
was significant for each dose group >5 g (5 g, p = 0.06; 
10 g, p = 0.005; and 15 g, p = 0.003). This finding sug- 
gests that increasing doses of colestipol result in apolipo- 
protein B containing lipoproteins that are relatively less 
cholesterol rich, and this change occurs in a dose-depen- 
dent fashion. 


LOW-DOSE COLESTIPOL THERAPY 139 


Se Ot TC EO AS e o rte 
‘ ? 2 


£ 


The clinical importance of this low-dose investiga- 
tion is linked to the recent recommendations cf the 
NCEP Adult Treatment Panel guidelines, which recom- 
mend that patients with 22 risk factors for congestive 
heart disease who do not respond adequately to non- 
pharmacologic therapy and have LDL cholesterol val- 
ues >4.14 mmol/liter should be considered candidates 
for pharmacologic therapy to obtain an optimal LDL 
cholesterol goal of <3.36 mmol/liter.? The present in- 
vestigation indicates that in subjects with LDL choles- 
terol values averaging 4.37 mmol/liter and on the 
American Heart Association step I diet, 5 g/day of co- 
lestipol can result in average LDL cholesterol values of 
3.73 mmol/liter, 10 g/day can result in values of 3.38 
(NCEP Adult Treatment Panel goal), and 15 g/day 

can result in values of 3.17. In patient populations with 
- known coronary artery disease, a more aggressive ap- 
proach to LDL cholesterol reduction may be warranted, 
and in such a population that often has only moderate 
LDL cholesterol elevation, these findings have enhanced 
importance.23~26 
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CORONARY ARTERY DISEASE 


Greater Diagnostic Sensitivity of Treadmill 
Versus Cycle Exercise Testing of Asymptomatic 
Men with Coronary Artery Disease 
Rainer Ph. Harnos ht MD, Gerhard C. Schuler, MD, Thomas Muth, MD, 


Martin F. Grunze, MD, Christian T. Marburger, MD, Josef Niebauer, MD, 
Sabine M. Methfessel, RT, and Wolfgang Kübler, MD 


Maximal hemodynamic and ventilatory responses 
using cycle and treadmill ergometer were com- _ 
pared in 52 asymptomatic patients with angio- 
graphically proved coronary artery disease. More- 
over, tèst sensitivity with respect to ST-segment 
depression and typical angina pectoris were com- 
pared between exercise modes used. Exercise - 
tests were performed on different days in random- 


ized order. in 42 patients, exercise-induced myo- 


cardial ischemia, expressed as a fraction of left 
ventricular circumference, was assessed by thalli- 
um-201 scintigraphy. The main finding of this 
study was a significantly higher maximal oxygen 
uptake (1.87 + 0.4 vs 2.2 + 0.5 liters/min; p 
<0.001), heart rate (148 + 19 vs 158 + 18 beats/ 
min; p <0.001) and rate-pressure product (28.3 + 
5- 10? vs 30.7 + 5- 103; p <0.001) during tread- 
mill walking than during cycling. Therefore, 
stress-induced myocardial ischemia was signifi- 
cantly more extensive after treadmill walking (31 
+ 37° vs 45 + 40°: p <0.001). Moreover, there 
were significantly more patients with signs of 
myocardial ischemia (ST-segment depression or 
typical angina pectoris, or both) during treadmill | 
than during cycle ergometry (35 vs 25 patients; p 


~ £0.05). However, lactate levels measured at peak 


exercise (4.07 + 2.0 vs 4.38 + 1.9 mmol/liter) 
and 3 minutes into the recovery period (5.60 + 
2.2 vs 5.80 + 2.2 mmol/liter) were comparable 
between both methods, indicating no significant 
difference in anaerobic energy production. These 
findings suggest that walking on a treadmill repre- 
sents an exercise method with a greater ability 
than cycling to detect coronary artery disease. 

| (Am J Cardiol 1992;70:141-146) 
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aximal myocardial oxygen consumption 

reached during stress testing for coronary ar- 

tery disease (CAD) constitutes a crucial fac- 
tor governing the sensitivity of the particular exercise 
mode used. Exercise performed on a treadmill is usually 
associated with greater total body oxygen uptake than 
bicycle exercise, probably as a result of the greater mus- 
cle mass used.!-> However, this does not invariably im- 
ply a higher level of cardiac work, and therefore the 
ability to elicit an ischemic response may not be affect- 
ed.'36 The purpose of this study was to assess noninva- 
sively differences in total and myocardial oxygen con- 
sumption, and in the frequency and severity of stress- 
induced myocardial ischemia during treadmill and cycle 
ergometry in asymptomatic patients with angiographi- 
cally proved CAD. 


METHODS 

Patients: Fifty-two asymptomatic (Canadian Car- 
diovascular Society class I to ID) male subjects with 
angiographically proved CAD were recruited for this 
study. Patients with left main CAD, previous coronary 
angioplasty or coronary bypass surgery, severely de- 
pressed left ventricular ejection fraction (<35%), signif- 
icant valvular heart disease, and rhythm disturbances 
(Lown class 4b) were excluded from the study. The 
study protocol was approved by the ethics committee of 
the University of Heidelberg. The nature of the study 
was explained to each subject before written informed 
consent was obtained. 

Exercise tests: Patients were asked to refrain from 


` taking 6-blocking agents, nitrates and calcium antago- 


nists for at least 48 hours before the test. After an over- 
night fasting period, exercise tests were performed on a 
calibrated, electronically braked cycle in an upright po- 
sition or on a treadmill on different days in randomized 
order. On the cycle, work load was increased progres- 
sively every minute in steps of 25 W. For the treadmill 
test, walking speed was kept constantly at 4 km/hour, 
while the slope was adjusted in 1-minute intervals; ele- 
vation was adjusted according to an individualized pro- 
tocol in order to create comparable steps of approxi- 
mately 25 W. Exercise was terminated when patients 
were physically exhausted, developed progressive angi- 
nal chest pain, severe dyspnea, or when 3 mm horizon- 
tal ST-segment depression was reached. A 12-lead elec- 
trocardiogram was recorded every minute using a Ma- 
son-Likar lead placement.’ To ensure accurate blood 
pressure readings an automatic blood pressure cuff was 
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TABLE | Hemodynamic and Gas Exchange Variables at the 
Ventilatory Threshold 


Treadmill 
(n = 52) 


110 + 15* 
167 + 20 
18,4 + 4* 
1.30 + 0.3* 
1.10 + 0.3* 
31.3 + 8* 
0.81 + 0.1* 


Cycle 
(n = 52) 


104 + 17 
166 + 20 
17.1 £4 
0.91 + 0.3 
0.78 + 0.2 
22.6+6 
0.86 + 0.1 


HR (beats/min) 

SBP (mm Hg) 

HR x SBP (- 103) 

Oxygen uptake (liters/min) 
CO2 production (liters/min) 
Minute ventilation (liters/min) 
Respiratory exchange ratio 


*p <0.001 versus cycle. 
CQ2 = carbon dioxide; HR = heart rate; SBP = systolic blood pressure. 


used. There was a significant correlation (r = 0.9; p 
<0.01) and low intraobserver variability (5%) between 
systolic blood pressures measured by the conventional 
cuff method and the automatic cuff system in 20 pa- 
tients with CAD in our laboratory. The maximal rate- 
pressure product (double product) was calculated from 
maximal, simultaneously recorded heart rate and systol- 
ic blood pressure during exercise.®” 

In 39 patients blood samples were drawn at rest, 
peak exercise, and 3 minutes into the recovery period 
from an intravenous catheter placed into an antecubital 
vein to determine plasma concentrations of lactate and 
catecholamines. !® 

All electrocardiograms were examined independent- 
ly by 2 observers, who were unaware of the identity of 
the patient and the type of exercise test. Discrepancies 
between the 2 observers were resolved by consensus. 
ST-segment deviations from baseline were visually mea- 
sured. The electrocardiogranis were categorized as: pos- 
itive — showing horizontal or downsloping depression 
=1 mm of the ST segment at 80 ms beyond the J point 
or slowly upsloping ST-segment depression =2 mm at 
80 ms after the J point in 23 consecutive complexes in 
lead V, and/or Vs. Otherwise the electrocardiograms 
were categorized as negative,!! 

Thallium-201 scintigrams: In 42 patients stress-in- 
duced myocardial ischemia was assessed by thallium- 
201 scintigraphy. While reaching the highest attainable 
work load, 2 mCi of thallium-201 was injected intrave- 
nously, and exercise was continued for another minute 
at the same or slightly reduced exercise level. Imaging 
was begun immediately after termination of exercise 
with the use of a mobile gamma camera (Picker Dyna 
Mo) equipped with a 7 pinhole collimator. After a 4- 
hour resting period, redistribution images were con- 
ducted in the identical projection. Eight cross-sectional 
planes through the left ventricular myocardium, perpen- 
dicular to the long axis of the left ventricle, were recon- 
structed from the raw data stored on a magnetic disk 
using a commercially available computer algorithm. !%13 
In these cross sections the perfusion defects were ex- 
pressed in degrees of left ventricular circumference. 
This method was validated comparing findings obtained 
in vivo with histopathologic data in patients who died 
during the course of acute myocardial infarction.'4!> 
The average of all myocardial cross sections was used 
for further calculations. The extent of redistribution, a 





measure of stress-induced, reversible myocardial isch- 
emia, was assessed by calculatirig the difference in size 
between perfusion defects at peak exercise and those at 
rest. An experienced technician unaware of the patient’s 
identity and the type of exercise test analyzed the thalli- 
um-201 scintigrams. 

Respiratory gas exchange variables: Respiratory 
gas exchange data were determined continuously 
throughout the exercise test using a commercially avail- 
able system (Jaeger EOS-Sprint). A 30-second gas ex- 
change sampling was used to avoid large variations in 
gas exchange variables.!© The following gas exchange 
variables were analyzed: oxygen uptake (liters/min), 
carbon dioxide production (liters/min), minute ventila- 
tion (liters/min), and respiratory exchange ratio (car- 
bon dioxide production /oxygen uptake). The ventilatory 
threshold was defined: as the oxygen uptake before the 
systematic increase in the ventilatory equivalent for oxy- 
gen without a concomitant increase in the ventilatory 
equivalent for carbon dioxide.!’ Ventilatory threshold 
was evaluated in this way by 2 independent observers 
unaware of the exercise test performed. Interobserver 
variability and day-to-day reproducibility were deter- 
mined in our laboratory with 13 healthy male volun- 
teers. In all tests a low interobserver and day-to-day re- 
producibility (r = 0.95; p <0.001) of 9 and 5%, respec- 
tively, were found.!® 

Statistical analysis: Mean value + SD was calculat- 
ed for all variables. For statistical evaluation the non- 
parametric Wilcoxon signed-rank and chi-square tests 
were used to avoid potential errors from nonnormal dis- 
tribution of data. 19 


RESULTS 

Clinical characteristics: A total of 52 patients (mean 
age was 56 + 6 years) were recruited for this study. 
Thirty-four patients (65%) had previously had myocar- 
dial infarction. The mean left ventricular ejection frac- 
tion was 57 + 8%. Nineteen patients (36%) had 1-ves- 
sel, 18 patients (35%) had 2-vessel and 15 patients 
(29%) had 3-vessel disease, defined by 250% narrowing 
among the 3 main branches of the coronary tree. Sever- 
ity of CAD, assessed by the Gensini score,?? was 26 + 
18 points. Eighty-seven percent of patients recruited for 
this study were taking (-blocking agents, 48% calcium 
antagonists, 42% nitrates, and 14% angiotensin-convert- 
ing enzyme inhibitors. Patients who underwent thallium 
testing (n = 42) and patients who did not undergo thal- 
lium scintigraphy (n = 10) did not differ with respect to 
clinical characteristics. 

Signs of myocardial ischemia during stress test: 
Exercise was terminated due to fatigue, leg fatigue or 
shortness of breath by 46 patients (88%) during cycle 
ergometry, and by 40 patients (77%) during treadmill 
exercise. Progressive angina pectoris was the end point 
in 10 patients (19%) during treadmill exercise, but only 
in 4 patients (8%) during cycle ergometry. In 2 of 52 
patients (4%), both forms of exercise had to be termi- 
nated because of asymptomatic downsloping ST-seg- 
ment depression (23 mm). There were diagnostic ST-` 
segment changes in 24 patients (46%) during treadmill 
exercise, but only in 18 patients (35%) during cycle ex- 
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ercise. Another 24 patients (46%) reported angina pec- 
toris during treadmill exercise. Only 16 patients (31%) 
complained of angina pectoris during cycle ergometry. 
There were significantly fewer patients with signs of 
myocardial ischemia (positive electrocardiogram or typ- 
ical angina pectoris, or both) during cycle ergometry 
than there were during treadmill exercise (25 vs 35 pa- 
tients; p <0.05). . 

Ventilatory threshold (Table 1): At ventilatory 
threshold values for oxygen uptake, carbon dioxide pro- 
duction, minute ventilation and heart rate were signifi- 
cantly higher during treadmill than during cycle ergom- 
etry (p <0.001). The difference in oxygen uptake at 
ventilatory threshold between both types of exercise 
tests was approximately 30%. . 

Peak exercise (Table Il, Figures 1 and 2): During 
treadmill exercise, maximal heart rate, maximal rate- 
pressure product, oxygen pulse, oxygen uptake and ex- 
ercise duration were significantly greater than during 
cycle ergometry. Consequently, stress-induced myocar- 
dial ischemia evaluated by thallium-201 scintigraphy 
` differed significantly between both modes (treadmill 45 
+ 40° vs 31 + 37°, p <0.001). No stress-induced myo- 
cardial ischemia could be observed in 8 patients after 
cycle ergometry, but only 4 of these 8 patients had a 
negative normal thallium-201 scintigram after treadmill 
exercise. Repetitive ventricular arrhythmias could not 
be detected either during treadmill or during cycle er- 
gometry. Individual values for maximal oxygen uptake, 
heart rate, rate-pressure product and exercise-induced 
myocardial ischemia during maximal treadmill and cy- 
cle ergometry as well as the corresponding correlation 
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FIGURE 1. During maximal 
assessed by thalium-201 scintigraphy, were si 


TABLE II Hemodynamic and Gas Exchange Variables at Peak 


Exercise 


HR (beats/min) 
SBP (mm Hg) 
DBP (mm Hg) 

HR x SBP (- 103) 


Ti-201 ischemia (degrees) 
Oxygen uptake (liters/min) 
COz production (liters/min) 
Minute ventilation (liters/min) 
Respiratory exchange ratio 
Ex-time (min) 


Cycle 
{n = 52) 


148 + 19 
191 + 22 
98 + 12 
28.345 
31 37 


1.87 + 0.4 


2.40 + 0.6 

78.4 +21 

1.29 + 0.2 
98+ 3 


Treadmill 
(n = 52) 


158 + 18% 
194 + 24 
91+11 
30.7 + 5* 
45 + 40* 
2.20 + 0.5* 
2.58 + 0.7t 
82.4 =+ 21 
1.16 + 0.2* 
11.7 + 3t 


RATE-PRESSURE 


treadmill exercise, oxygen uptake, rate-pressure product 
significantly greater than during cycle exercise. No significant difference could be 


*p <0.001 versus cycle ergametry; tp <0.05 versus cycle ergometry. 

DBP = diastolic biood pressure; Ex-time = exercise time (minutes); TI-201 
Ischemia = extent of stress-induced myocardial ischemia expressed in degrees of left 
ventricular circumference {n = 42); other abbreviations as in Table |. 





coefficient for each parameter are presented in Figure 
2. 

Lactate and catecholamines (Table ill, Figure 1): 
Lactate concentrations in plasma measured at rest, peak 
exercise and 3 minutes into the recovery period were 
comparable during both forms of exercise. 

At peak exercise, patients reached a >20% higher 
norepinephrine and epinephrine level during treadmill 
exercise than during cycling (p <0.01). 


DISCUSSION 

Cycle ergometry has established itself as the pre- 
dominant method of conducting stress tests in most Eu- 
ropean countries. Potential advantages may be less up- 
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observed for plasma lactate. *p <0.001 vs cycle ergometry; [°], degrees of left ventricular circumference. 
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TABLE Ili Lactate and Catecholamines 


Cycle 
(n = 39) 


Treadmill 
(n = 39) 


Rest 
Lactate (mmof/liter) 
Norepinephrine (nmol/liter) 
Epinephrine (nmol/liter) 


i.l +04 
2321.3 
0.2 + 0.1 


1.1+0.3 
2.0 + 0.9 
0.2 + 0.1 


Maximum 
Lactate (mmoi/titer) ~ 
Norepinephrine (nmoi/liter) 
Epinephrine (nmol/liter) 


4.1 + 2.0 
18.0 + 10.2 
Lot 1.2. | 


4.4+1.9 
22.2 + 10,¢* 
2.0 + 1.8* 


Recovery (3 minutes) 
Lactate (mmol/liter) 
Norepinephrine (nmoi/liter} 
Epinephrine (nmol/liter) 


5.6 + 2.2 
15.1 + 9.3 . 
0.9 + 0.7 


5,8 + 2.2 
17.9 + 8.6* 
1.2 + 0.9 


*n <0.01 versus cycle. 


per body motion during pedaling, even at very high 
- work loads, compared with walking on a treadmill, re- 
sulting in better quality of electrocardiographic trac- 
ings. External power can be readily determined during 
cycle ergometry, which may constitute an important as- 
pect, particularly if the test is conducted for research 
purposes. 
Previous studies have limited the comparison of ex- 
ercise modes to hemodynamic responses; a few have in- 
cluded electrocardiographic!-* or subjective? evidence of 
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ischemia. To our knowledge, the present study is the 
first to use radionuclide techniques to quantify ischemic 
responses to different modes of exercise. The present re- 
sults suggest that the drawbacks of treadmill exercise 
previously described are outweighed by a greater num- 
ber of patients with any sign of myocardial ischemia 
(positive electrocardiogram or typical angina pectoris, 
or both) and a greater extent of stress-induced myocar- 
dial ischemia, as demonstrated by thallium-201 scintig- 
raphy. 

Several clues to the underlying physiologic mecha- 
nisms are apparent: |. The crucial finding of this study 
is represented by the significantly higher maximal heart 
rate (7%) and rate-pressure product (8%) during tread- 
mill exercise compared with cycle ergometry. Thus, 
treadmill exercise imposes as a greater hemodynamic 
burden on the myocardium, as indicated by the differ- 
ence in rate-pressure product, which reliably reflects 
myocardial oxygen consumption.®? Stress-induced myo- 
cardial ischemia depends on the ratio of myocardial 
oxygen demands and oxygen availability by the coro- 
nary system.’2! Because of the increased myocardial 
energy demands in this study, stress-induced, reversible 
myocardial ischemia during treadmill exercise was ap- 
proximately 45% higher than it was during cycle ergom- 
etry. The sensitivity for detection of CAD with respect 
to ST-segment depression or typical angina pectoris, or 
both, was 67% for treadmill and 48% for cycle ergom- 
etry in this study (p <0.05). 


r = 82 (p<.001) 


Bicycie 

FIGURE 2. Individual values for 
oxygen uptake, heart rate, rate- 
pressure product and exercise-in~ 
duced myocardial ischemia during 
maximal treadmill ergometry com- 
pared with the corresponding val- 
ues during maximal cycle ergom- 
etry. [degrees] = degrees of left 
ventricular ci 
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2. Comparison ‘between cycle ergometry and tread- 
mill testing has demonstrated that maximal oxygen up- 
take is 10 to 20% higher when testing with a treadmill. 
In this study maximal oxygen uptake was approximate- 
ly 18% greater on treadmill than on cycle ergometer, 
weh i similar to that reported by previous investiga- 
tors.‘ 

3. There also is a difference between both modes of 
exercise in sympathetic drive observed at the end point 
and in the recovery period. Norepinephrine and epi- 
nephrine levels during maximal treadmill exercise ex- 
ceeded those observed during cycle ergometry by >20%, 
which may be partly due to a longer duration of tread- 
mill tests. 

4. The level at which exhaustion is reached in 
asymptomatic patients is determined partly by the 
subject’s motivation to endure the discomfort brought 
about by regional accumulation of lactate as a result of 
anaerobic metabolism.?+?3 In the present study maxi- 
mal lactate levels measured at peak exercise and dur- 
ing the recovery period were nearly identical for both 
modes, indicating no significant difference in anaerobic 
energy production. 

5. Test duration and increments of work load may 
influence the test result profoundly when comparing 2 
different exercise modes.772425 Owing to a greater 
maximal work load, oxygen uptake and, consequently, 
test duration during treadmill exercise were higher than 
during cycle ergometry. As evidenced by the relation- 
ship between oxygen uptake and test duration, work 
rates used in the present study were comparable be- 
tween both exercise modes (oxygen uptake per minute 
was 180 and 170 ml/min for treadmill and cycle, re- 
spectively). 

6. The surprisingly large difference in oxygen uptake 
at the ventilatory threshold between the 2 exercise 
modes suggests that oxygen uptake at this threshold 
can be profoundly influenced by the choice of exer- 
cise mode. Therefore, determination of the ventilatory 
threshold as an index of cardiopulmonary performance 
may have to take into account the mode of testing.” 

Correlation with previous studies: Although several 
previous studies!~*26-28 have observed higher maximal 
oxygen uptake, cardiac output and heart rate during 
treadmill versus cycling, few data are available that 
compare the sensitivity of both methods in patients with 
CAD. 

Wicks et al! found no significant differences in mean 
ST-segment depression and rate-pressure product be- 
tween treadmill walking and cycling in 40 patients who 
had had myocardial infarction. However, marginally 
more positive treadmill test results were found because 
of a higher rate-pressure product. 

Myers et al,” in a study comparing each of 3 dif- 
ferent cycle (25 W/stage, 50 W/stage, ramp) and 
treadmill protocols (Bruce, Balke, ramp), reported that 
among patients limited by angina pectoris on the tread- 
mill, 26% were limited by leg fatigue during cycle er- 
gometry. 

Calvert et al® observed in a matched-pairs compari- 
son of 105 patient pairs, matched for sex, age and sever- 


ity of CAD, comparable sensitivity of both exercise 


modes using ST-segment depression, angina pectoris, 
work impairment and impaired blood pressure response 
as parameters suggesting CAD. 

Study limitations: There are several limitations of 
this study that deserve comment: When limited-angle 
tomography with an angle aperture of <180° (ie., 7- 
pinhole tomography) is used for detecting stress-in- 
duced myocardial ischemia, 2 inherent problems due to 
a diminished z-axis resolution are concealed: (1) an 
overrepresentation of apical cross sections compared 
with cross sections closer to the base of the heart; and 
(2) a propagation of perfusion defects into cross sections 
regularly not involved by myocardial ischemia. How- 
ever, in this study each patient represented his own con- 
trol, and because there is a high reproducibility of 7- 
pinhole recordings,” these technical limitations appear 
negligible and should not have affected the validity of 
the results. 
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Prognosis in Rupture of the Ventricular Septum 
After Acute Myocardial Infarction and Role of 
Early Surgical Intervention 


Robert Lemery, MD, Hugh C. Smith, MD, Emilio R. Giuliani, MD, 
and Bernard J. Gersh, MB, ChB, DPhil 


Since 1944, 91 patients (50 men and 41 women, 
mean age 68 years [range 39 to 86]) with ventric- 
ular septal rupture after acute myocardial infarc- | 
tion were seen at the Mayo Clinic. Patients were 
divided into 4 groups according to therapy and - 
timing of surgical intervention. Fourteen patients — 
seen before 1965, when surgery was not per- 
formed for such a complication or not readily 
available, were excluded from the analysis. Group 
1 (n = 22) had surgery within 48 hours of septal | 
rupture, group 2 (n = 6) underwent operation be- 
tween 2 and 14 days, group 3 (n = 24) had sur- 
gery after 14 days, and group 4 (n = 25) only re- 
ceived medical treatment. Short-term (30 days) 
survivors (45%, 35 of 77 patients) were compared 
with nonsurvivors. Using logistic regression, by 
univariate analysis, 3 variables were significantly 
associated with outcome: age (p <0.01), cardio- 
genic shock (p <0.00001), and long delay be- __ 
tween ventricular septal rupture and surgical in- 
tervention (p <0.004). By multivariate analysis, 
however, only cardiogenic shock {p <0.00001) 
and age (p <0.007) correlated with an adverse 
outcome. ; . 

In patients with cardiogenic shock after septal 
rupture, the prognosis was uniformly fatal unless 
patients undergo early surgery. None of the 23 
patients in groups 2, 3 or 4 survived, whereas 5 of 
13 patients (38%) who had surgery within 48 
hours of septal rupture survived. In patients with 
congestive heart failure, the long-term outcome 
was similar among patients who underwent early 
surgery; 3 of 6 patients (50%) survived compared 
with 8 of 15 patients (53%) in whom surgery was 
delayed. In group 4 patients (no surgery), 12 of 
the 19 patients who were nonsurvivors were in 
cardiogenic shock and died within 48 hours of 
septal rupture, but in the remaining 7 patients, 
death occurred between 3 and 9 days in 5 pa- 


.tients, and at 20 and 30 days in 2 others. Thus, in 
‘patients with cardiogenic shock after septal rup- 


ture, only those who underwent operation within 
48 hours survived; the potential for rapid and un- 
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predictable deterioration in the nonsurgical group 
and the good surgical results warrant early repair 
for most patients with ventricular septal defect af- 
ter acute myocardial infarction. 

(Am J Cardiol 1992;70:147-151) 


upture of the ventricular septum is an infrequent 
but often fatal complication of acute myocardial 


infarction. Congestive heart failure or cardio- 
genic shock is the usual clinical presentation. Afterload 
reducing agents and intraaortic balloon counterpulsa- 
tion are only supportive measures; closure of the ven- 
tricular septal defect is necessary in nearly all patients, 
although the timing of the operation has been a subject 


_ of considerable debate.*~’ The prognosis of patients with 


acute septal rupture has been reported to be influenced 
by the site of the myocardial infarction® and by the 
presence or extent of right ventricular dysfunction.?-!° 
In the present study, we reviewed the clinical features 
and course of patients with septal rupture seen during 
the last 5 decades at the Mayo Clinic hospitals. Our 
report focuses on short- and long-term survival in rela- 
tion to (1) clinical and hemodynamic characteristics of 
the patient at the time of diagnosis of the septal rupture 
and, (2) the use and timing of surgical repair. 


METHODS 

Since 1944, 91 patients with a postmyocardial in- 
farction-related ventricular septal defect were diag- 
nosed at the Mayo Clinic. The cases were identified 
by a computer search of medical records, and some 
have been included in earlier reports.**!! Only patients 
whose ventricular septal defect was found by echocardi- 
‘ography or confirmed by cardiac catheterization, opera- 
tion or autopsy were selected for analysis. 

: The diagnostic procedures in- 
cluded right-sided cardiac catheterization in 64 patients, 
coronary angiography in 30 patients, and left ventric- 
ulography in 47 patients. The diagnosis of ventricular 
septal defect was confirmed by a right atrium-to-pulmo- 
nary artery step-up in oxygen content at cardiac cathe- 
terization in 60 patients, by quantification of a shunt 
during radionuclide angiography or by 2-dimensional 
echocardiography only in 4 patients, by direct surgical 
observation in 5 patients, and by autopsy in the remain- 
ing 22. The pulmonary-to-systemic flow ratio and per- 
centage of shunt were calculated using the standard for- 
mula. Hemodynamic support by intraaortic balloon 
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TABLE | Extent of Coronary Artery Disease 


Number of Patients 

No. of 
Coronary Arteries 
Narrowed > 70% 


Total (%)t 
(n = 67) 
36 (54) 

9 (13) 
16 (24) 
6 (93 


*Angiographic evidence of collateral vessels in 20%. 
tBoth angiography and autopsy in 5 patierts. 


counterpulsation was used (since 1977) in 20 patients. 
Streptokinase was administered to 2 patients. 

Definitions: Cardiogenic shock was defined as per- 
sistent hypotension (systolic blood pressure <90 mm 
Hg) associated with evidence of inadequate organ and 
peripheral perfusion. The Killip classification!? was 
used to divide patients into those with mild, moderate or 
severe congestive heart failure (Killip class I, II and 
IT). Short-term survival was defined as 30 days or hos- 
pital survival after operation in the surgical group and 
30 days or hospital survival after the diagnosis of septal 
rupture in the medical group. 

Follow-up: Follow-up information regarding subse- 
quent medical events and overall clinical status was ob- 
tained for all patients from the medical records or by 
communication with the patients, their families or their 
physicians. The results of autopsy were available for 37 
of the 76 patients who died. 

Statistical analysis: The unpaired ¢ test was used to 
compare continuous variables. Statistical significance 
was defined as p <0.05, Individual and multiple inde- 
pendent variables correlating with mortality within 30 
days after the septal rupture or with long-term survival 
were identified by using the logistic multiple regression 
procedure!? and the Cox regression model.!4 This meth- 
od of analysis was applied only to patients seen after 
1965, because before this date, surgery was either not 


By Autopsy 
(n = 37) 


By Angiography* 
(n = 30) 


an 


1970-79 
Year of operation 


VLLLLLLLLLL LL LL 


C7 


1960-69 


Age < 65 yr BB Age 65-74 yr 





\\ 





performed for septal rupture or was not readily avail- 
able. The nonparametric Kaplan-Meier method was 
used to calculate actuarial survival rates.!> 


RESULTS 

Clinical characteristics: The 91 patients (SO men 
and 41 women) were aged 68 years [range 39 to 867). 
Fifty (55%) had been admitted to another hospital ini- 
tially and then referred to a Mayo Clinic hospital for 
further treatment. Myocardial infarction was anterior 
in 49 and inferior (or inferoposterior) in 42 patients. At 
autopsy, a recent circumferential nontransmural infarc- 
tion was identified in 1 case diagnosed clinically as ante- 
rior infarction. A history of hypertension was recorded 
in 41% of the patients, of preceding angina in 29%, and 
of a previous myocardial infarction in only 14%. Diabe- 
tes mellitus was recorded in 14 patients (insulin-depen- 
dent in 3); 51% of the patients had a history of cigarette 
smoking. 

A new systolic murmur was present in all patients 
who had a clinical diagnosis of postmyocardial infarc- 
tion-related ventricular septal defect; a thrill was re- . 
corded in 51% (37 of 72 patients). Complete heart block 
was seen in 5 patients with an inferior myocardial in- 
farction and in 2 patients with an anterior myocardial 
infarction. A bundle branch block or an intraventricular 
conduction defect developed in 14 patients, and atrial 
tachyarrhythmias occurred in 13 patients. 

The time interval between the onset of myocardial 
infarction and the diagnosis of septal rupture was 1 
week or less in 77 of 86 patients (89%). However, the 
mean + SD interval was 2.2 + 2.1 days in those with an 
inferior myocardial infarction and 6.2 + 11 days in pa- 
tients with an anterior myocardial infarction; this was 
the only variable that was significantly different (p 
<0.01) between patients with anterior and those with 
inferior infarctions. 

Extent of coronary disease: The extent of coronary 
artery disease is shown in Table I. More than half of the 
patients had l-vessel ccronary artery disease (270% 


FIGURE 1. Relation between the year of 
surgical closure of septal rupture and the 
age of the patients. As shown, before 
1970 none of the patients treated surgi- 
cally were aged 275 years; only 6% of 
these are included in the surgical 
series between 1970 and 1979. However, 
since 1980, 37% of patients who had sur- 
gery were 275 years. By multivariate 
analysis, older age was an independent 
predictor of adverse outcome. 
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1980-83 
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TABLE Uf Thirty-Day Survival, by Interval to Treatment, in 
Patients with Congestive Heart Failure or Cardiogenic Shock 


Congestive Heart Cardiogenic 
Failure* Shock Totalt 
No. Alive/ 
Total (%) 


No. Alive/ 
Total (%) 


_ No. Alive/ 
Total (%) 


Groupt 


9/22 (41) 
1/6 (17) 
19/24 (67) 
6/25 (24) 
26/55 (47) 


5/13 (38) 
0/5 (0) 
0/2 (0) 

0/16 (0) 

0/23 (0) 


4/9°(44) 

1/1 (100) 
19/22 (86) 

6/9 (67) 
26/32 (81) 


1, surgery <48 hours 
2, surgery 2—14 days 
3, surgery > 14 days 
4, medical treatment 
2,3 and 4, inclusive 
*Killip class |, fl, and HE 
tin each group, numbers of patients with anterior and inferior infarclions are, 
Saat ee group 1, 12 and 10; group 2, 4 and 2; group 3, 13 and 11; and group 4, 


14 and 11 patients. 
{Surgery from time of diagnosis of septal rupture. 





narrowing of the luminal diameter), but collateral ves- 
sels to the infarct area were present in only 20% of the 
patients who underwent coronary angiography. In 1 pa- 
tient with a prior history of hypertension and who expe- 
rienced a septal rupture 5 days after an anterior myo- 
cardial infarction, a significant stenosis of only the first 
septal perforator branch was documented at coronary 
angiography. Recanalization, coronary spasm or other 
factors may explain the absence of significant coronary 
disease in these 6 patients. 

Year of surgery: Figure 1 shows the.age of the pa- 
tients according to the year of operation. There were no 
patients aged >75 years who underwent operation be- 
tween 1960 and 1969. Since 1980, this age group.com- 
prises 37% of the total amount of patients undergoing 
operation. The first surgical correction of postmyocar- 
dial infarction—related ventricular septal defect at the 
Mayo Clinic was performed in 1960; the first such sur- 
gical repair done within 48 hours after rupture was in 
1975. In the 8 years between 1980 and 1988, 30 of the 
38 patients (79%) were treated surgically, and 70% of 
these operations were performed within 48. hours after 
rupture. Of the-8 patients who did not undergo surgery 
during this time interval, 6 were in cardiogenic shock; 
severe noncardiac disorders precluded operation in 2 pa- 


FIGURE 2. Long-term survival in 30-day 
survivors after postmyocardial infarction- 
related ventricular septal defect with sur- 
gical intervention or medical therapy. 
ry arta a margin A 
tient (who survived >5 years). Numbers in 
parentheses indicate the number of pa- 
tients at the beginning of each interval. 


Survival rate (56) 





TABLE Hl Hemodynamic Variables in 30-Day Survivors and 
Nonsurvivors 


Survivors Nonsurvivors. . 


Variable No. (mean + SD) No. (mean + SD) 


Right atrial 
. Saturation 
Systolic pressure 
Right ventricular 
Diastolic pressure 
Pulmonary artery 
- Saturation 
_ Systolic pressure 
Diastolic pressure 28 (22 + 7) 26 (22 + 7} 
% shunt 24 (61 + 18) 20 (65 + 15) 


No value for the difference between groups was statistically significant at p < 0.05. 


tients, 3 died within 24 hours after rupture, 1 died 4 
days after rupture (patient was in Killip class II) and 
operation was deferred in 2. 

Survivors versus nonsurvivors: The patients were 
divided into 4 groups according to the type and timing 
of therapy (Table II). Fourteen patients seen before 
1965 are not included in-the analysis because surgical 
repair for this complication before that time was either 
unavailable or seldom performed. -Medical treatment 
>20 years ago was also extremely limited; for the pur- 
pose of survival analysis, this study therefore focused on 
patients seen after 1965. Group 1 includes 22 patients 
surgically treated within 48 hours after the diagnosis of 
ventricular septal defect; group 2 includes 6 patients (5 
in cardiogenic shock) surgically. treated between 2 and 
14 days after the diagnosis (3 days in 1,.4 days in 3, 
5 days in 1. and 7 days in 1); group 3, 24 patients 
who underwent operation >14 days after the diagnosis 
(mean interval between septal rupture and operation, 
9.9 months [range 0.6 to 70]); and group 4, 25 patients 
who only had medical treatment. 

_ Hemodynamic profile (Table Hl): There was no sig- 
nificant difference in hemodynamic variables between 
anterior and inferior infarctions. Table I lists the hemo- 
dynamic values obtained in 30-day survivors and non- 


20 (48 + 11) 
25 (13 = 6) - 


25 (56 + 9) 
25 (16 + 9) 
25 (14 9) 21 (11 + 10) 


23 (80 + 9) 
28 (57 + 17) 


21 (78 + 6) 
26 (46 + 14) 


Surgery (< 48 hours) ` 
` 4 B 





(9) 
(8) 
{7} na 
Surgery (> 14 days) 
(6) 


Medica! treatment 


Time (years) 
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survivors; there was no significant difference between 
both groups of patients. Serum creatinine was 1.5 + 0.6 
in patients who survived 30 days compared with 2.1 + 
1.3 in nonsurvivors (p = not significant). For the entire 
group of patients, the greater number of patients with 
congestive heart failure (53%) may reflect a referral 
bias, because patients with cardiogenic shock may have 
been treated or died at their primary hospitals. 

Short-term survival: Thirty-day survival (Table II) 
in group 1 patients was 41% (9 of 22 patients). Five of 
these patients (59%) were in cardiogenic shock before 
operation. Only 1 of the 6 patients in group 2 was not in 
cardiogenic shock and was the only patient to survive 30 
days. In group 3, only 2 of the 24 patients had cardio- 
genic shock and both died; overall survival in this group 
was 79%. 


Of the 25 patients in group 4, only 6 (24%) were 


30-day survivors (none of whom were in cardiogenic 


genic shock; 12 of these patients (63%) died within 48 
hours of septal rupture, and none were 30-day survivors. 
By univariate analysis, short-term survival was signifi- 
cantly associated with: (1) the absence of cardiogenic 
shock (p <0.00001), (2) age (p <0.01) (the average age 
of survivors was 64 + 11 years compared with 71 + 10 
. years in nonsurvivors), and (3) a long delay between 
septal rupture and surgical closure or hospital admission 
(the average delay in survivors was'75 + 149 days com- 
pared with 9 + 27 days in norisurvivors). However, by 
multivariate analysis, delay of surgery was not an inde- 
pendent predictor of outcome. Only cardiogenic shock 
(p <0.00001) and age (p <0.007) were significantly as- 
sociated with short-term outcome. 

Long-term survival (Figure 2): The 5-year cumula- 
tive survival in 30-day survivors was 75% in group 1, 
70% in group 3 and 14% in group 4; ‘there was one 30- 
day survivor in group 2 patients and this patient died 
during follow-up. Univariate and multivariate analyses 
of long-term survival in 30-day survivors did not demon- 
strate any independent predictors of long-term survival. 

In group 4 (only medical treatment), death after 30 
days occurred at 10, 12, 35, 61 and 87 months. All of 
these patients had congestive heart failure on: admission 
but were not in shock. The remaining patient in this 
group, a 71-year-old woman, refused surgical treat- 
ment; she had congestive heart failure with a significant 
left to right shunt (QP/QS = 2.7), 3-vessel coronary ar- 
tery disease and a posterolateral aneurysm. She died 
suddenly 8.5 years later. 

Of the twenty-nine 30-day surgical survivors, 2 un- 
derwent repeat operation for recurrence of ventricular 
septal defect and 1 of these died perioperatively. Of the 
20 deaths during follow-up (up to 16 years), 7 were sud- 
den cardiac death. 


DISCUSSION 

The evolution in the management of postmyocardial 
infarction-related ventricular septal defect during the 
last 4 decades is illustrated in this large series from a 
single institution. Our data support recent studies show- 
ing that: (1) early surgical intervention improves short- 


and long-term survival, especially i in patients in cardio- 
genic shock?.6!618, and (2) age is an independent pre- 
dictor of adverse outcome. 19-21 

Site of myocardial infarction: In patients who have 
postmyocardial infarction-related ventricular septal 
rupture, the characteristic triad includes a history of 
prior hypertension”? (41% in our series), first myocardi- 
al infarction?? (86% of our patients), and 1-vessel coro- 
nary artery disease or no significant coronary stenosis 
(54% in our series) with minimal collateral formation to 
the infarcted area.!%:22:23 Although several studies have 
shown an increased’ surgical mortality in patients with 
inferior infarction,>**?4 we and others?” have not 
documented this finding. Anterior infarctions were seen 
in 53% of our patients, and the only significant differ- 
ence between anterior and inferior infarctions was the 
longer delay between anterior myocardial infarction and 


- septal rupture. 
shock). Sixteen of the 19 patients (84%) were in cardio- - 


Right ventricular dysfunction: Right ventricular 
dysfunction has been proposed as a major pathophysio- 
logic mechanism underlying cardiogenic shock in acute 
ventricular septal rupture and is an adverse prognostic 
factor.2-'!© We did not demonstrate any significant he- 
modynamic differences between survivors in comparison 
with nonsurvivors. This could be related to the relative 
insensitivity of right atrial pressure as a marker of right 


‘ventricular dysfunction. Most of our patients were seen 


during a period when accurate evaluation of right ven- 
tricular function was unavailable. Furthermore, the ag- 
gressive approach of early surgery in 22 of our patients 
may have resulted in more survivors in some of these 
patients who otherwise would have died. 


Congestive heart failure and cardiogenic shock: . 


The clinical course of patients with postmyocardial in- 
farction-related ventricular septal defect is closely relat- 
ed to the presence or absence of cardiogenic shock. In 
our series, early surgery was associated with a short- 
term survival of 38% (5 of 13) in patients who presented 
with cardiogenic shock, compared with 0% (0 of 23) in 
the remaining patients who underwent delayed surgery 
or who were treated medically. . 

Patients with cardiogenic shock after septal rupture 
thus represent one of the most serious complications fol- 
lowing myocardial infarction, and only urgent measures 
will improve survival: immediate institution of intraaor- 
tic balloon counterpulsation and prompt surgical closure 
of the septal defect appear to offer the only realistic 
opportunity for survival, since the mortality with medi- 
cal therapy alone or among patients undergoing delayed 


‘surgery was 100%. This analysis is subject to bias be- 


cause in part the universal mortality among patients 
treated medically comprises patients who died before 
operation, even if this option was under consideration. 
Nonetheless, the argument is persuasive that in patients 
with acute interventricular septal rupture and cardio- 
genic shock, the only chance for survival is emergency. 
surgery. 

In patients with congestive heart failure, surgery 
may be delayed and patients should be stabilized and 
well prepared for surgery.!? The potential for rapid de- 
terioration in those awaiting surgery suggests that these 
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patients need optimal care and surgery should be per- 
formed during their hospitalization, preferably during 
the first or second week after septal rupture. 

Age: Although none of the patients in our series who 
underwent surgery before 1960 were >75 years, this 
group comprises 37% of patients treated surgically since 
1980. Older patients with more widespread multisystem 
failure are at a greater risk, and will constitute a major 
challenge in the management of septal rupture in the 
next decade, !?,21,26 
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Prognostic Value of Changes in R-Wave 
Amplitude During Exercise Testing After a 
First Acute Myocardial Infarction 


Fae Leroy, MD, Jean M. ‘Lablanche, MD, Christophe Bauters, MD, 
UBE P: McFadden, MRCPI, and Michel E. Bertrand; MD | 


To investigate the prognostic value of exercise-in- . 
duced changes in R-wave amplitude and their rela- - 


tion to other exercise and angiographic variables, 
303 consecutive patients who underwent maximal 
exercise testing and coronary angiography within 
2 months of a first acute myocardial infarction — 
were studied.. R-wave amplitude at peak exercise 
increased or was unchanged in 159 patients 
(57.4%). and decreased in 118 (42.6%). Increased 
R-wave amplitude was significantly related to un- . 
derlying 3-vessel disease (p = 0.0001), the extent 
of ST-segment depression on exercise (p= __ 
0.0001), and the time to 1 mm ST depression (p 
<0.05). Follow-up information was available in . 
285. patients (86.4%) at a mean of 4 + 1 8 years. 
Death from cardiac causes occurred in 25 patients 
(9%); 18 (6.5%) developed recurrent. myocardial 
infarction, and 32 (11.6%) developed angina. 
Variables with a predictive value for cardiac death 
were maximal exercise heart rate (p = 0.0005), . 
occurrence of exercise-related supraventricular — 
arrythmia (p = 0. .02), and number of diseased ves- 
sels. (p =.0.02). R-wave chariges had no predictive 
value. No variable had a predictive value for recur- 
rent infarction. Maximal exercise heart rate (p = 
0.02) and increased R-wave amplitude (p= _.. 
0.0001) were significantly related to the occur- 
rence of angina at follow up. Exercise-related R- . 
wave Increases were associated with the presence 
of angina at. follow-up, but had no predictive value 
for cardiac death or recurrent infarction; their as- 
sociation with subsequent angina appears to re- 
flect an association with more severe underlying 
coronary disease. 
l (Am. J Cardiol 1992;70: 152-155) 
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tifying subgroups of patients with an increased 
risk of subsequent cardiac events after an acute 
myocardial infarction.! Previous studies suggested that 
the analysis of changes in R-wave amplitude during ex- 
ercise in these patients may provide additional prognos- 


pes testing. has beci shown to be useful in iden- _ 


tic information; however, whereas 1 study suggested 


that an exercise-induced decrease in R-wave amplitude 
was an adverse prognostic factor, another suggested the 
converse:>* This study was designed to assess the prog- 
nostic significance « of changes in R-wave amplitude dur- 
ing exercise testing after -a first myocardial infarction 
and to determine whether there was a relation between 
these changes and the occurrence of cardiac death, re- 
current myocardial inferction or angina pectoris during 
follow-up. Furthermore, we compared the predictive 
value of R-wave changes with those of other exercise 
test vartan es and the EOE E HAMES- 


METHODS 

- Patients: We identified 303 patients who pac 
October 1978 and December 1983) presented with a 
first documented acute myocardial infarction and un- 
derwent both exercise testing and coronary angiogra- 
phy within 2 months of discharge. The diagnosis of 
acute myocardial infarction was based on history of pro- 
longed ischemic pain (>30 minutes) associated with ` 
new Q waves or ST-T-segment changes and a signifi- 


. cant (>twofold). increase in creatine kinase levels. The 


site of infarction was anterior in 28% and inferior in 
47%; .25%. were non-Q-wave infarcts. From this initial 
cohort, follow-up information was available in 285 pa- 
tients.: Documented noncardiac death occurred in 8 of 
this group during follow-up, and these patients were ex- 
cluded. The renang 277 patients are the subject of 
this report. 

Exercise testing: Treadmill exercise testing was per- 
formed with a computerized. system (CASE 2, Mar- 
quette Electronics) when antianginal medication had 
been discontinued for >48 hours. The Bruce protocol 
was used in all exercise tests.» A Mason-Likar modified 
12-lead electrocardiogram was recorded before exercise, 
at the end of each stage, at peak exercise and 8 minutes 


` after exercise. The level and slope of the ST segment 


were continuously recorded in- 3 electrocardiographic 
leads (V2, Vs and aVF). ST-segment depression was 


` considered significant if >1. mm of horizontal or down- ` 


sloping ST-ségment depression measured 60. ms after 


| the J. point a the e O developed com- 
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pared with that at baseline. Exercise was discontinued 
at the patient’s request if incapacitating fatigue, dys- 
pnea or increasing angina occurred. Other end points 
were decrease (>10 mm of mercury) in systolic blood 
pressure, occurrence of ventricular tachycardia or fre- 
quent premature ventricular contractions, and develop- 
ment of a marked ST-segment depression (>3.5 mm). 

R-wave amplitude measurements: The RS criterion 
used in this study was the sum of the R. wave in Vs plus 
the S wave in V2 (mm). These measurements were ob- 
tained from computer-averaged electrocardiograms ob- 
tained at baseline and peak exercise. The computer av- 
erage was the mean of 25 consecutive beats. Patients 
were classified into the following 2 groups depending on 
the R-wave response to exercise: those in whom R-wave 
voltage decreased during exercise (normal response), 
and those in whom it increased during exercise or re- 
mained unchanged (abnormal response). Measurements 
were obtained by an observer unaware of the results of 
angiography. 

Angiography: Coronary angiography was performed 

in multiple projections within 9 days of exercise testing 
using the Judkins technique. Single-plane left ventric- 
ulography was performed in a 30° right anterior oblique 
projection. Angiograms were reviewed by 2 experienced 
cardiologists. Patients were classified as having 1-, 2- or 
3-vessel coronary disease depending on the number of 
arteries with significant (>50% reduction in luminal di- 
ameter) stenoses. Left ventricular volumes and ejection 
fraction were determined using the area-length method 
modified for single-plane calculation. The outline of the 
ventriculogram was divided into 3 segments (anterior, 
apical and inferior), and the contraction in each seg- 
ment was classified as normal, hypokinetic, akinetic, 
dyskinetic or aneurysmal. 

' Follow-up: We obtained follow-up data by mail or 
telephone contact with the patient and general practi- 
tioner in 70% of cases; follow-up data was obtained 
from the patient alone in 12% and from the general 
practitioner alone in 18%. We ascertained whether pa- 
tients were alive, had developed a further acute myocar- 
dial infarction or had angina. Only patients with angi- 
nal symptoms corresponding to at least class 2 of the 
Canadian Cardiovascular Society classification were 
considered to have angina pectoris. 

Statistical analysis: Differences between groups in 
the rates of cardiac death, and recurrent myocardial in- 
farction and angina pectoris during follow-up were as- 
sessed with the log-rank test. The correlation between 
R-wave changes and other exercise test or angiographic 
variables was assessed for continuous variables with 
Student’s £ tests and for discrete variables with chi- 
square analysis. A stepwise discriminant analysis was 
used to determine whether exercise-induced changes in 
R-wave amplitude were an independent predictor of 
events during follow-up (death, recurrent myocardial in- 
farction or angina pectoris). 


RESULTS 
Follow-up results: Follow-up information was avail- 
able for a mean of 48 + 22 months. Baseline character- 





TABLE I Clinical Characteristics of Patients Related to R-Wave 
Amplitude Changes 


R-Wave 
increase 
(n = 159) 


R-Wave 
Decrease 


(n = 118) p Value 


Age (yr + SD) 

Men (%) 

Systemic hypertension (%) 

Cigarette smokers (%) 

Diabetes mellitus (%) 
Hypercholesterolemia (%)* 

Anterior AMI (%) 

inferior AMI (%) 

Non-Q-wave AMI (%) 

Killip class > 1 (%) 8 


å NS 


*Cholesterol > 2.5 g/L. 
AMI = acute myocardial infarction; NS = not significant. 


TABLE II Exercise Test and Angiographic Variables Related to 
R-Wave Amplitude Changes 


R-Wave R-Wave 
Decrease Increase 
(n= 118) {n= 159) 


84426 7822.6 NS 





p Value 










Exercise duration (min) 







Maximal heart rate (beats/min) 150+26 144+23 <0.05 

Maximal systolic blood pressure 182+29 181 + 30 NS 
(mm Hg) 

Maximal ST depression (mm) 06209 1241.1 0.0001 






Time to 1 mm ST-segment de- 5.6+26 462+2.7 <0.05 










pression (min) 
Angina during exercise (%) 8 22 0.002 
Ventricular arrythmias (%) 19 26 NS 
Supraventricular arrythmias (%) 5 3 NS 
Number of narrowed coronary 0.0001 
arteries (%) 
0 14 7 
1 39 36 
2 36 27 
3 11 30 
Ejection fraction (%) 52413 5§3 4 1I NS 





End-diastolic volume (mi) 108+ 26 108+ 28 NS 
Wall motion abnormalities (%) 65 65 NS 


NS = not significant. 


istics of the study population are presented in Table I. 
During this period there were 25 cardiac-related deaths 
(9%) of which 14 (56%) were sudden. Seventeen deaths 
(68%) occurred within 3 years of the index infarction. 
During the same period, 18 patients (6.5%) had a recur- 
rent myocardial infarction and 32 (11.6%) developed 
angina. Functional status could not be assessed in 27 
patients. 

Exercise test and angiographic variables related to 
R-wave amplitude changes: Table II shows the exercise 
test data and angiographic findings in the 2 groups. In 
patients in whom R-wave amplitude increased or re- 
mained the same, the magnitude of ST-segment depres- 
sion at peak exercise was significantly higher and the 
extent of coronary disease was significantly greater. 
Furthermore, significant ST-segment depression ap- 
peared earlier in this group who more often developed 
angina during the test, and maximal heart rate achieved 
was slightly but significantly lower. Mean exercise du- 
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TABLE Hl Incidence of Coronary Events in Patients Who 
Achieved a Heart Rate > or <130 Beats/Min Related to 
Changes in R-Wave Amplitude 


R-Wave Increase 
Heart Rate 
(beats/min) 


R-Wave Decrease 
Heart Rate 
(beats/min) 


> 130 
{n = 108) 


5 (4.6) NS 


<130 
in = 51) 


6 (11.8) 


<130 
(n = 28) 


6 (21.4) 


>130 
(n = 90) 


8 (8.9) 


p Value 


Cardiac 
death (%) 

Recurrent 
AM! (%) 

Angina (%)* 3(10.7) 4(4.9) 11(21.6)t 14(13.5)t <0.05f 
*Functional status could not be assessed in 27 patients. 


t For comparison with R-wave decrease. 
Abbreviations as in Table I 


4(14.3} 5(5.6) 5 (9.8) 4 (3.7) NS 


ration and ejection fraction, and the extent of left ven- 
tricular wall motion abnormalities were similar in both 
groups. 

Changes in R-wave amplitude: relation to events 
during follow-up: Table III shows the incidence of coro- 
nary events related to changes in R-wave amplitude. 
The results are presented according to maximal heart 
rate achieved during exercise, because it has been sug- 
gested that changes in R-wave amplitude may be de- 
pendent on heart rate. There was no significant differ- 
ence in the incidence of cardiac death or recurrent in- 
farction between the groups. However, the percentage 
of patients who had angina at follow-up was significant- 
ly higher in those in whom R-wave amplitude increased 
or remained unchanged (p <0.05). These findings were 
independent of the maximal heart rate achieved on ex- 
ercise. 

' Changes in R-wave amplitude: predictive value 
compared with that of other variables: Table [V shows 
the predictive value of changes in R-wave amplitude 
compared with that of other variables, Maximal heart 
rate achieved during exercise was the best predictor of 
cardiac death after myocardial infarction, followed by 
the occurrence of supraventricular arrhythmias during 
exercise and the number of diseased vessels. However, 
changes in R-wave amplitude had no predictive value 
for cardiac death. No variable tested had a significant 
predictive value for recurrent myocardial infarction. 

Increased R-wave amplitude during exercise was sig- 
nificantly (p <0.0001) associated with the occurrence of 
angina during follow-up. This predictive value was inde- 
pendent of that of other variables, and only the maximal 
heart rate achieved provided additional information. 


DISCUSSION 

The results suggest that the analysis of changes in 
R-wave amplitude during exercise testing after a first 
acute myocardial infarction helps to identify patients 
who will subsequently develop angina pectoris, but is of 
no value for the identification of those at risk of sudden 
death or recurrent myocardial infarction. Several previ- 
ous reports suggested that the incorporation of the addi- 
tional information obtained from analysis of changes in 
R-wave amplitude increases the sensitivity and specific- 





TABLE IV Compa‘ison o` Predictive Value of Changes in 
R-Wave Amplitude with That of Other Variables: Resuits of 
Discriminant Analysis 


End Point Variables 


p Value 


NV aximal heart rate 0.0005 


Supraventricular arrhythmias 6.02 
No. of diseased vessels 0.02 
Cranges in R-wave amplitude NS 
Cnanges in R-wave amplitude NS 
Changes in R-wave amplitude 0.0001 
Maximal heart rate 0.02 


NS = not significant. 


ity of exercise testing, especially in patients with coro- 
nary artery disease in whom nonspecific baseline abnor- 
malities make it more difficult to interpret ST-segment 
changes.’-!© However, other studies suggested that anal- 
ysis of R-wave changes does not provide any useful ad- 
ditional information. !!-?3 

Exercise testing is frequently used in patients who 
have had a recent myocardial infarction and has been 
demonstrated to provide useful prognostic informa- 
tion.!+!6 Two studies that reported on the prognostic 
value of changes in R-wave amplitude during exercise 
testing after myocardial infarction produced conflicting 
results. Poyatos et al* studied the predictive value of ex- 
ercise-related changes in R-wave amplitude in 146 pa- 
tients with angiographically documented coronary heart 
disease who were followed for 6 years. They showed 
that in a subset of 96 patients with previous myocardial 
infarction, the incidence of coronary events (myocardial 
infarction or cardiac death) was 48.8% in those with an 
increased R-wave amplitude compared with 27.3% in 
those with a decreased R-wave amplitude. 

Hsu et al, using a discriminant analysis, showed 
that in patients with recent myocardial infarction, a de- 
creased R-wave amplitude during submaximal exercise 
testing was associated with an increased risk of subse- 
quent cardiac events. The discordant results of these 
studies may reflect differences in the populations stud- 
ied; patients studied by Hsu et al? had recent infarcts, 
whereas in the study by Poyatos et alt there is no infor- 
mation regarding the date of the infarct. 

In the present study, all patients underwent exercise 
testing within 2 months of a first acute myocardial in- 
farction. Our results suggest that changes in R-wave 
amplitude during exercise are not of value in the predic- 
tion of recurrent myocardial infarction or subsequent 
cardiac death in this group of patients. Wolthuis et al® 
suggested that all subjects have a similar R-wave re- 
sponse with an increase in amplitude up to a heart rate 
of 130 beats/min and a decrease only above this level. 
They suggested that the “abnormal” response in pa- 
tients with coronary disease can be explained on the ba- 
sis of the lower heart rate achieved by this group. The 
fact that most patients who achieved a heart rate >130 
beats/min in the present study had an increased R-wave 
amplitude suggests that this is not the case. However, 
whether we considered all patients or only those who 
achieved heart rates >130 beats/min, the results of the 
discriminant analysis were the same. 


Cardiac death 


Recurrent infarction 
Angina 





154 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 JULY 15, 1992 





e~ 


In the present study (as in several previous reports), 
maximal heart rate achieved during exercise was the 
variable most strongly associated with subsequent cardi- 
ac death; exercise-induced supraventricular arrhythmias 
and extent of coronary disease had a weaker predictive 
value.!214 No exercise test variables had a predictive 
value for recurrent myocardial infarction. This finding 
(which confirms the results of previous studies)!6!7 is 
consistent with the fact that although atherosclerotic 
coronary disease is common, ischemic events are unpre- 
dictable and not necessarily related to the severity or 
extent of underlying disease. 

R-wave amplitude changes were significantly corre- 
lated with the presence of angina during follow-up. This 
may reflect the correlation of increased R-wave ampli- 
tude with the severity of ischemia detected by exercise 
testing and the extent of underlying coronary disease. 
Although the mechanism of changes in R-wave ampli- 
tude remains controversial, a link between exercise-re- 
lated R-wave changes and severity of coronary heart 
disease was suggested by the study of Baron et al,!° 
which showed that the greatest changes in R-wave volt- 
age occurred in patients with either 3-vessel or left main 
stem disease. 

Study limitations: This study was retrospective, but 
included a relatively large number of patients; in the 
present era of more aggressive management of myocar- 
dial infarction it would be difficult to design an appro- 
priate prospective study. At the time of this study, 
thrombolytic therapy was infrequently used in our insti- 
tution, and thus the results may not apply to such pa- 
tients. 

Implications: An increased R-wave amplitude dur- 
ing exercise after a first myocardial infarction was asso- 
ciated with the presence of angina at follow-up, but had 
no predictive value for the occurrence of cardiac death 
or recurrent infarction. This association with subsequent 
angina appears to be related to the presence of more 
severe underlying coronary disease. 
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Effects of Captopril on Left Ventricular 


pi 


Systolic and Diastolic Function After 
Acute Myocardial Infarction 


Carl-Otto Gøtzsche, MD, Peter Søgaard, MD, Jan Ravkilde, MD, and Kristian Thygesen, MD 


The left ventricle progressively dilates in some pa- 


tients after acute myocardial infarction (AMI). 
Both systolic and diastolic left ventricular (LV) 

_ dysfunction can be of significance in the develop- 
ment of heart failure. Captopril has been shown to 
prevent dilatation, but the effect on LV diastolic 
function is unknown. In a placebo-controlled dou- 
ble-blind parallel study, 58 AMI patients with 
heart failure or low ejection fraction, or both, 
were consecutively randomized at day 7 to either 


placebo or captopril (25 mg twice daily). No differ- | 


ences were present between the groups at base- 
line. Fifty-three patients completed the 6-month 
study period. Both LV diastolic and systolic vol- 
ume indexes increased significantly in the placebo 


group (17 and 14%, respectively); in the captopril — 


group there was no change in LV diastolic volume 
index, but a 13% reduction in LV systolic volume 
index. Ejection fraction increased significantly in 
the captopril group. The peak flow velocities of the 


early and atrial filling phases were measured, and | 


the ratio between the velocities was calculated. A 
significant reduction was observed during the 
study period in early peak flow velocity (65 to 52 
cm/s) and in the ratio between early and atrial ` 
peak flow velocity (1.3 te 0.3) in the placebo 
group (p <0.05), but no significant changes oc- 
curred in the captopril group. No correlation was 
found between dilatation of the left ventricle and 
reduction in early peak flow velocity or the ratio 
between early and atrial peak flow velocity. In 
conclusion, captopril prevented LV dilatation, im- 
proved ejection fraction and prevented LV diastol- 
ic dysfunction in AMI patients with early signs of 
LV systolic dysfunction. | 
(Am J Cardiol 1992:70:156-160) 
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(LV) dilatation has been observed during the 
first year after acute myocardial infarction 
(AMI).'* Captopril can prevent LV dilatation in pa- 
tients presenting with LV systolic dysfunction in the 


P rogressive systolic and diastolic left ventricular 


_first few weeks after AMI; furthermore, it probably im- 


proves systolic function, as reflected by the ejection 
fraction.*> This has also been shown in a group of unse- 
lected patients with a Q-wave AMI.* LV diastolic func- 
tion after AMI has not been studied to any great extent, 
even though approximately one third of all patients de- 
veloping heart failure have abnormal diastolic function, 
despite the fact that systolic function is normal.’ One of 


the most frequently used methods of evaluating LV dia- 
- stolic function is to measure the transmitral flow by 


means of Doppler echocardiography. Transmitral flow 
can be divided into the early and late atrial filling 
phases, the latter resulting from atrial contraction.. The 
magnitude of the early filling phase and the ratio be- 
tween the early and atrial phase, both in terms of vol- 
ume and velocity, depend on the pressure gradient 
across the mitral valve.’ The early peak flow velocity 


and the ratio between early and atrial peak flow velocity 
_ are increased: when high pressure is present in the left 


atrium (i.e., in cases of severe heart failure)? and de- 


creased when LV wall compliance is reduced (i.e., coro- 


nary artery disease,’ arterial hypertension!° and hyper- 
trophic cardiomyopathy!!). Because captopril can pre- 
vent LV dilatation, it is probable that it would also be 


` beneficial regarding systolic (expressed as ejection frac- 
_ tion) and diastolic (expressed as early peak flow velocity 


and the ratio between early and atrial peak flow veloci- 
ty) function. 


METHODS 

Patient selection: Patients aged <70 years with 
AMI were included in the study provided they fulfilled 
at least 1 of the following 2 criteria: signs of heart fail- 
ure needing diuretics within 5 days of the onset of AMI, 
and LV ejection fraction <45%, as determined by echo- 
cardiography on day 5 after AMI. Patients were ex- 
cluded if they were receiving medication for heart fail- 
ure before admission (digitalis, angiotensin-converting 
enzyme inhibitors, diuretics or vasodilatators), or had 


systolic blood pressure <100 mm Hg, atrial fibrillation, 
‘valvular heart disease, LV aneurysm, serious systemic 


disease, hepatic or renal impairment (serum creatinine 
>150 umol/liter), or ejection fraction <25%. 

Patient cohort: There were 58 consecutive patients 
complying with the criteria who could be randomized’ 
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TABLE I Demographic Variables of Patients with Acute 
Myocardial Infarction 


Placebo 
(n = 28) 


Captopril 
(n = 30) 


60 (35—70) 
4/26 


Characteristics 


58 (44-70) 
2/26 
176 (159-195) 
83 (60-105) 
l 


Age (yr) 
Women/ men l 
Height (cm) 175 (160-190) 
Weight (kg) 76 (59-94) 
Previous AMI "E 2 , 
Systemic hypertension 5 5 
Diabetes mellitus , ‘4 O Å 
Anterior/inferior infarct 16/14 15/13 
- Q@wave/non-Q-wave infarct 21/9 20/8 

Peak creatine kinase B (U/L) 81 (17-216) 77 (24-276) 

Killip classification (1/2/3) 12/15/3 13/15/0 
Treated with streptokinase 24 23 


Values are mean (range). Between-group comparisons are not significant. 
AMI = acute myocardial infarction, 


during the study period (September 15, 1989 to June 
16, 1990). Thirty patients were randomized to the cap- 
topril group and 28 to the placebo group. 

Study design: Patients were randomized on day 7 
after AMI to receive either captopril or placebo`in a 
double-blind parallel trial. A test dose of 6.25 mg of 
captopril or placebo was blindly administered; this was 
followed by either placebo or captopril (12.5 mg twice 
daily) for the next 14 days. The dosage was doubled to 
25 mg twice daily provided a clinical examination in- 
dicated that this was permissible. Thereafter the medi- 
cation was continued for the remainder of the trial peri- 
od (i.c., 6 months). Patients were reviewed both clinical- 
ly and by echocardiography on days 30, 90 and 180 
after inclusion. All patients were administered medica- 
tion for heart failure (furosemide) and post-AMI medi- 
cine (acetylsalicylic acid, 6 blockers, calcium antago- 
nists or long-acting nitrates, or a combination) if neces- 
sary, according to the standard treatment of the de- 
partment. 

Measurements: Pohocaniogeaphy: was performed 
according to a standardized procedure by 2 investiga- 
tors (COG, PS). Patients were examined lying in the 
left lateral position. The echocardiographic recordings 
were obtained during normal respiration at the end of 
the expiration phase. Measurements were obtained on 
the screen of the echocardiograph, and hard copies were 
taken for documentation. Volumes were measured using 
the single-plane area-length method in the apical 4- 
chamber view.!? The mean of 3 measurements was 
used. LV end-systolic,. end-diastolic and stroke volume 
indexes were calculated and corrected for body surface 
area, and ejection fraction was determined. Transmitral 
flow was obtained from the apical 4-chamber view be- 
tween the mitral leaflets by using pulsed-wave Dopp- 
ler echocardiography (transducer: 2 mHz; and: sample 
length: 2 mm). Early and atrial peak flow velocities 
were measured, and the ratio between early and atrial 
peak flow velocity was calculated. A mean of 5 mea- 
surements was used. 

Statistical analysis: Baseline characteristics were 
compared using the chi-square test for categoric vari- 





TABLE ll Baseline Echocardiographic Measurements of Left 
Ventricular Volumes and Transmitral Peak Flow Velocities — 


Captopril 
(n = 30) 


71 (3) 


| Placebo 
(n = 28} 


71 (4) 


- Parameters 


LV end-diastolic volume index 
(ml/m2) 

LV end-systolic volume index 
(ml/m2) 

Stroke volume index (ml/m2) 

Ejection fraction (%) 

Early peak flow velocity (cm/s) 

Atrial peak flow velocity (cm/s) 

Ratio between early and atrial 
peak flow velocity 


44 (3) 


43 (3) 


28 (1) 
40 (1) 
66 (3) 
56 (3) 
1.3 (0) 


28 (1) 
39 (1) 
65 (3) 
56 (3) 
1.3 (0) 


Values are mean (SE), Between. -group comparisons are not signifi icant. 
LV = left ventricular, - 


ables and the unpaired ¢ test for continous variables. 
Treatment effects were tested using the Wilcoxon 
signed-rank test for paired data in relation to ingroup 
parameters and the Mann-Whitney rank test for un- 
paired data in relation to between-group parameters. A 
p value <0.05 was considered statistically significant. 
Comparison between the changes in LV volumes and 
transmitral peak flow velocities were examined using 
correlation analysis. 


RESULTS 

Baseline evaluation: At baseline the 2 treatment 
groups had similar clinical characteristics (Table I) and 
echocardiographic measurements (Table II). 

Patient withdrawals: In the captopril group, 1 pa- 
tient died, 1 was lost to follow-up and 1 underwent coro- 
nary bypass surgery. In the placebo group, 1 patient 
had reinfarction on the day before the 6-month follow- 
up examination, and 1 had 2 reinfarctions and subse- 
quently underwent coronary bypass surgery. Thus, 53 
patients completed the study (27 in the captopril group 
and 26 in the placebo group). : 

Additional medication: Of the 53 patients complet- 
ing the study, at inclusion 11 in the captopril group and 
9 in the placebo group received furosemide. At comple- 
tion of the trial, 3 patients in the captopril group and 8 
in ‘the placebo group received furosemide. No other 
diuretics were used. 

During the study period, 49 patients were satin 
tered antiischemic medication (25 in the captopril group 
and 24 in the placebo group). Nineteen patients in both 
groups were administered 8 blockers. 

‘Left ventricular volumes: Both LV end-diastolic and 
end-systolic volume indexes increased significantly (71 
to 83 ml/m? [+17%], and 43 to 49- ml/m? [+14%], 
respectively) during the study period in the placebo 
group. In contrast, the captopril group had no change in 
LV end-diastolic volume index and a significant reduc- 
tion in LV end-systolic volume index (45 to 39 ml/m2 
[—13%]). Stroke volume index increased significantly in 
both groups; ejection fraction had a slight but insignifi- 
cant increase (40 to 41%) in the placebo group, whereas 
there was a highly significant increase in the captopril 
group (39 to 48%). The changes occurred gradually 


EFFECTS OF CAPTOPRIL ON LEFT VENTRICLE 157 


during the course of the study period, and the difference 
between the groups was significant concerning LV end- 
systolic volume index and ejection fraction from 90 days 
and after (Figure 1). 

Transmitral flow: Early peak flow velocity decreased 
significantly during the study in the placebo group (65 
to 52 cm/s), whereas atrial peak flow velocity increased 


LVEDVI (mi/m2) 


480 Days 





180 Days ' 


FIGURE 1. Left ventricular vokmnes and ejection fraction (EF) 
during 6-month period after acute myocardial infarction. Dif- 
ferences between captopril (black columns, n = 27) and place- 
bo (white columns, n = 26). Comparisons are between groups. 
LVEDVI = left ventricular end-diastolic volume index; 

LVESVI = left ventricular end-systolic volume index; *p 
<0.05. 


(55 to 67 cm/s), resulting in a significant decreased in 
the ratio between early and atrial peak flow velocity 
(1.3 to 0.8). No significant changes were observed in 
the captopril group, but there was a slight, insignificant 
increase in the ratio between early and atrial peak flow 
velocity (1.2 to 1.3); this may be attributed to a reduc- 
tion in atrial peak flow velocity. These changes devel- 


PE (cm/s) 
80 


180 Days 


180 Days 


180 Days 





FIGURE 2. Transmitral peak flow velocities during 6-month 
period after acute myocardial infarction. Differences between 
captopril (black columns, n = 27) and placebo (white cok 
umns, n = 26). Comparisons are between groups. PA = atrial 
peak flow velocity; PE = early peak flow velocity; *p <0.05. 
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oped gradually during the study, and the differences be- 


tween the 2 groups were significant at 180 days regard- 
ing early and atrial peak flow velocities, as well as the 
ratio between early and atrial peak flow velocity (Fig- 
ure 2). 

Analysis of the correlation between the changes in 
LV volume and transmitral flow showed low correlation 
coefficients, with no r values >0.29, neither for analysis 
of changes in the total group nor for the 2 treatment 
groups separately. 

Heart rate and mean arterial blood pressure: There 
was no difference between the groups regarding either 
heart rate or mean arterial blood pressure at inclusion, 
and no significant changes occurred in the heart rate of 
either group. Mean arterial blood pressure incréased 
significantly in the placebo group (90 to 99 mm Hg), 
whereas there was a slight but insignificant decrease in 
the captopril group (92 to 90 mm Hg) (Table HI). 


DISCUSSION 

When AMI involves larger areas of the left ventri- 
` cle, stretching and remodeling occurs in the parts unaf- 
fected by the infarction; the net result is overall dilata- 
tion of the ventricle. The short-term hemodynamic ben- 
efit is restoration or improvement of stroke volume as a 
result of the Starling mechanism.3!3 However, in the 
long-term, LV dilatation after AMI is probably the 
forerunner to development of manifest congestive heart 
failure and a predictor of poor survival.!4!5 

Presuming that signs of heart failure and low ejec- 
tion fraction in the first few days after AMI are mark- 
ers of a more widespread infarction, we selected and 
consecutively randomized patients that can be regarded 
as at high risk for progressive LV dilatation. 

The method used in the present investigation for 
measuring LV volume is standardized. It can be per- 
formed as serial measurements in the same patient. The 
method has a high reproducibility and accuracy, al- 
though a systematic undermeasurement of absolute vol- 
ume occurs.!2 

Similar to Sharpe et al,*+ we found a significant in- 
crease in both diastolic and systolic volume in the place- 
bo group, whereas patients treated with captopril had 
no increase in diastolic volume and a significant reduc- 
tion in systolic volume. We also, found a significant im- 
provement of LV ejection fraction in the captopril 
group compared with that of the placebo group. 

When primary reduction in myocardial compliance 
is present (i.e., with hypertension and amyloidosis), the 
diastolic function i in itself may be an important stage in 
the development of heart failure. 5,16 

There is no single method that may be used to char- 
acterize LV diastolic function, but Doppler echocardi- 
ography is a widely used tool in the clinical situation. 
With regard to the parameters obtained by this method, 
early and atrial peak flow velocities can be measured 
with high accuracy, and early peak flow velocity and 
the ratio between early and atrial peak flow velocity 
have a positive correlation to LV end-diastolic pressure 
as measured by catheterization.’ 


TABLE Ill Heart Rate and Mean Arterial Blood Pressure 
(captopril {n = 27] and placebo [n = 26]) 


Days After Randomization 


Entry 30 90 186 


Heart rate 
Captopril 
Placebo 

Mean arterial BP 
Captopril 
Placebo 


64 (1) 
65 (1) 


65 (1) 
66 (1) 


66 (1) 
67 (1) 


65 (1) 
67 (1) 


92 (2) 91 (1) 90 (1) 90 {1} 
90 (2) 93 {2)* 98 (2)*t 99 (2}*7 
*p <0.05 compared with at entry; tp <0.05 compared between groups. 


Values are mean (SE) 
BP = blood pressure. 





Transmitral flow changed in the placebo group be- 
tween early (passive) and atrial filling; this resulted in a 
significant decrease in the ratio between early and atrial 
peak flow velocity. In the captopril group, early peak 
flow velocity remained constant, whereas atrial peak 
flow velocity decreased slightly. These changes occurred 
gradually during the entire observation period. The ra- 
tio between early and atrial peak flow velocity in the 
placebo group 180 days after AMI was within the limits 
of measurements obtained in patients with coronary ar- 
tery disease,’ whereas the values in the captopril group 
were identical to those of normal subjects of the same 
age}? 

An increase in preload tends to increase early peak 
flow velocity, but the lower need for diuretics in the cap- 
topril than in the placebo group indicates that this does: 
not apply in our study; furthermore, a reduction in pul- 
monary capillary wedge pressure, as demonstrated by 
Pfeffer et al? in patients treated with captopril, also ex- 
cludes this possibility. There was no difference between 
the 2 groups with regard to antiischemic medication, 
and no change in heart rate. Mean arterial pressure in- 
creased significantly in the placebo group, but remained 
constant in the captopril group throughout the trial pe- 
riod. The long-term effect of a reduction in arterial 
pressure on the transmitral flow is not known, but there 
is little effect, of an acute reduction.!® 

The most obvious explanation for the changes in 
transmitral flow in the placebo group is a reduction in 
the compliance of the LV wall. Dilatation in itself de- 
creases the distensibility of the LV wall.” However, the 
absence of correlation observed between changes in LV 
volumes and transmitral flow implies that other factors 
are involved. Because captopril has shown a positive ef- 
fect on coronary blood flow in animal experiments,'% 
prevention of ischemia and secondary fibrosis may in- 
fluence the compliance and transmitral flow. 

Although protection against LV dilatation and isch- 
emia may be involved in the beneficial effect on diastol- 
ic function, these observations may be directly influ- 
enced by some other underlying mechanisms. The effect 
of captopril on the local cardiac renin angiotensin sys- 
tem, bradykinin and prostacyclin, as well as the scav- 
enging of toxic-free oxygen radicals is poorly elucidated 
at present.2° Different angiotensin-converting enzyme 
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inhibitors may produce their ie by different mecha- 
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Acute and Long-Term Outcome of Narrowed _ 
Saphenous Venous Grafts Treated by 
Endoluminal Stenting and 
Directional Atherectomy 
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pass s aratte remains a difficult challenge. Over a 
37-month period at this institution, 119 of 176 in- 
terventions (68%) on saphenous vein grafts (aver- 
age age 8.3 years from bypass surgery to graft in- 
tervention) were performed using either direction- 
_ al coronary atherectomy (n = 35) or Palmaz- 
Schatz intracoronary stents (n = 84), representing 
37% of all stents and 15% of all atherectomies 
during the study period, respectively. Of the 57 
saphenous vein graft lesions treated with conven- 
tional balloon angioplasty during this period, 49 
(86%) had 1 or more contraindications to stenting 
or directional atherectomy (thrombus, total occlu- 
sion, reference vessel <3 mm in diameter). 

The acute success rate was 99% for stents (1 
failure to dilate) and 94% for directional atherec- 
tomy (2 failures to cross the lesion with the ather- 
ectomy device). Lumen diameter increased from 
0.9 to 3.6 mm (reference vessel 3.6) for stents, 
and from 0.9 to 3.5 mm (reference 3.8) for ather- 

ectomy (for all comparisons, p = not significant), 
with no major complications (abrupt or subabrupt 
closure, emergent coronary bypass surgery, 
death, or Q-wave myocardial infarctions). During 

the same time period 50 of 57 vein grafts (88%) 
rejected for stenting or atherectomy were dilated 
successfully by conventional balloon angioplasty, 
with 3 patients (5%) requiring emergent coronary 
bypass surgery. Angiographic follow-up was avail- 
able for 50 of 64 eligible patients (78°). Resteno- 
sis (defined as 250% stenosis at 6-month angio- 

_ graphic follow-up) was present in 13 of 50 lesions 
(26%, [95% confidence interval: 14%, 38%)), in- 
- cluding 8 of 32 stented lesions (25%) and 5 of 18 
atherectomy lesions (28%) (p = not significant). 
These data suggest that saphenous vein bypass 
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graft stenoses may be treated safely and ett ective- 
ly using Palmaz-Schatz stenting or directional ath- 
erectomy, with short- and long-term results that 
may be better than those traditionally expected 
with conventional balloon angioplasty. 
(Am J Cardiol 1992;70:161-167) í 


bypass grafts remains a major challenge in co o- 

nary angioplasty. Younger grafts (those <: 
years old) have a good acute success rate, but the = 
70% incidence of subsequent restenosis remains a m 
clinical problem.!-? Older grafts (those >3 years) 
to have more diffuse and friable plaques that are prone 
to distal embolization and increased cardiac complica- 
tions when dilated.4!° Because repeat bypass surgery 
carries a significantly higher morbidity and mortality 
rate than primary surgery,'' the use of balloon angio- 
plasty in patients who have undergone prior coronary. 
revascularization is still preferred over repeat bypass ` 
grafting when the important narrowings are technically _ 
approachable. Recently, several new technologies: for — 
coronary intervention have been introduced in the inter- 
est of improving acute success and safety, or decreasing 
the subsequent restenosis rate of coronary artery bypass 
lesions. Based on a 3-year experience with 2 such tech- — 
nologies (directional coronary atherectomy and balloon 
expandable stents) we have examined their performance 
in the treatment of saphenous vein graft lesions. 





Cis ce balloon angioplasty of saphenous vein 5 


METHODS 
Patient population: Between June 1988 and July 
1991, 119 of 179 significant narrowings (68%) in saphe- 
nous vein bypass grafts were treated using either a Pal- 
maz-Schatz intracoronary stent (Johnson and Johnson 
Interventional Systems, Warren, New Jersey, n = 84) 
or directional coronary atherectomy (Devices for Vas- 
cular Intervention, Inc. Redwood City, California, n = — 
35). Although these patients accounted for only 8% of | 
the total coronary interventions performed during the — 
study period, they accounted for 34% of all stents and 2 
16% of all atherectomies. | 
surements: Intracoronary pears was ened using 
a single 15 mm articulated Palmaz-Schatz stent, de- 
scribed previously! (Figures 1 and 2). Intensive antico- 
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agulation included heparin, dextran, aspirin and dipy- 
ridamole and was initiated before stent placement, 
whereas aspirin and dipyridamole were continued indef- 
initely, and wafarin for 3 months, after discharge. Di- 
rectional coronary atherectomy was performed using ei- 
ther a Simpson Coronary Atherocath as described pre- 
viously'? (Figures 3 and 4). 

All patients were requested to have follow-up angi- 
ography at 6 months after intervention. Patients who 








underwent earlier (<4 months) restudy for the evalua- 
tion of recurrent symptoms, but were found to have 
<70% diameter stenosis, were accepted for analysis 
only if they returned for repeat angiography 26 months 
after the procedure. Both the acute (pre- and postproce- 
dure) and the 6-month (follow-up) angiograms were an- 
alyzed. The minimal luminal diameter of each treated 
lesion was measured from optically magnified images 
compared with the known diameter of the angiographic 
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FIGURE 1. Vein graft stent. Left panel, eccentric stenosis in midportion of saphenous vein graft. Middle panel, results after 
conventional balloon angioplasty shows a severe and disrupted residual stenosis. Right panel, final result after placement of a 


single endoluminal stent. 





FIGURE 2. Vein graft stent. Top left panel, eccentric stenosis in the proximal portion of saphenous vein graft. Bottom left pan- 
el, S0% residual narrowing after conventional percutaneous transluminal coronary angioplasty. Top right panel, results after 
placement of a single intracoronary stent. Bottom right panel, washout cineangiographic frame shows the strut pattern of the 


expanded stent within the area of the prior stenosis. 
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catheter.'4!5 The reference size was the mean of the fined as the increase in the absolute diameter of the 
diameter of the reference segment proximal and distal treated segment immediately after the procedure, 
to the treated lesion. Based on these measurements, 2 whereas the late loss was defined as the decrease in ab- 
important parameters were derived: acute gain was de- solute diameter of the treated segment from the post- 


FIGURE 3. Vein graft atherectomy. Left panel, eccentric stenosis in distal portion of saphenous vein graft. Middle panei, direc- 
tional atherectomy device positioned across the stenosis, with the balloon inflated toward right and cutter housing facing the left 
side of the photo. Right panel, results after multiple circumferential atherectomy cuts. 





FIGURE 4. Ostial vein graft atherectomy. Top left panel, tight ostial stenosis in saphenous vein graft. Top right panei, a 7Fr 
atherectomy device was initially unable to cross the stenosis. Middle right panel, dilatation was then carried out with a conven- 
tional angioplasty balloon to facilitate passage of the atherectomy device. Mid-left panel, after conventional balloon dilatation a 
significant residual stenosis remained, but (bottom right pane!) the atherectomy device was then able to cross the lesion. Bot- 
tom left panel, results after multiple circumferential cuts with a 7Fr directional atherectomy device. 
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Stent 


i i Patents (n = 97) 69 
|. Segments treated 84 35 
| Age 66 +10 64211 NS 


Atherectomy pValue 


























|- Sex (% men) 56 (81%)  26(93%) NS 
| Graft age (years)* 8.544 7.6 + 4.4 NS 
|. Cigarette smoking (%) 35(51%) 15 (54%) NS 
Diabetes mellitus (%) 18 (26%)  9(32%) NS 
Systemic hypertension (%) 41 (59%) 13 (46%) NS 
Hypercholesterolemia (%)t 44 (64%) 17(61%) NS 
mily history of CAD (%) 41(59%) 14 (50%) NS 





56 + 15 NS 


pose “Calculated irom time of bypass surgery to oo intervention. 
} Defined as serum total cholesterol > 200 mg/dl. 
Jois CAD = = Coronary artery disease; NS = not significant. 


ft ventricular ejection fraction (%) 47 + 18 










TABLE Il immediate Results 
oo Stent 





Atherectomy 


33/35 (94%) 








83/84 (99%) 








oe i Lesion SUCCESS 













_ Characteristics of stenosis 
‘Ostial (%) O (%) 14 (40%)* 
4. Eccentric (%) 34 (40%) 21 (61%)t 
| Caleified (%) 3 (4%) 3 (8%) 
Length (mm) 6.5 + 3.5 5.2 + 3.6 
|. Prior restenosis _ 24/84 (28%) 8/35. (23%) 
_ Measurements before procedure 
|. Reference (mm) 3.62 + 0.68 3.80 + 0.83 
4}. Stenosis diameter (mm) 0.90 +0.64 0.86 + 0.60 
- Percent stenosis (mm) 75 +17 78 +15 
Measurements after procedure 
Stenosis diameter (mm) 3.57 + 0.61 3.47 + 58 
Percent stenosis (mm) O+14 5217 
Acute gain (mm) 2.77 + 0.86 2.67 + 0,82 





*p = 0.001; tp = 0.03. 


=>. procedure to the 6-month follow-up angiogram. The 
= long-term net gain produced by an intervention is thus 
o the difference between its acute gain and late loss. l6 

Statistical methods: All values are reported as the 
actual count or the mean value + standard deviation. 
. Analysis of categorical data between groups was done 
using chi-square, and continuous variables were ana- 
< lyzed by ż test. Survival and event-free survival esti- 
2 mates were performed using Kaplan-Meier estimates. 


o ` Clinical characteristics: Balloon expandable stenting 
was performed on 84 saphenous vein stenoses in 69 pa- 
tients (81% men, average age 66 years), and directional 
herectomy was performed on 35 saphenous vein steno- 
ses in 28 patients (93% men, average age 64 years, Ta- 
I). Clinical characteristics were similar among 
patients who were treated by either stenting or atherec- 
ie (including hypercholesterolemia defined as choles- 
00 mg%, cigarette smoking, systemic hyperten- 
etes: mellitus, family history of coronary dis- 
f „ventricular. ejection fraction). The mean 
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TABLE ili Complications — 


































Major complications 0 0 Re 
Q-wave myocardial infarction 0 0 7 
Emergent bypass surgery 0 0 
Death 0 0 

Other complications 
Vascular 5 (5%) 216%) 
Non-Q-wave myocardial infarction 9 (10%) 


18%) 






time from the onset of acute symptoms to the interven- 
tional procedure (55 days, range 0 to 372) and the age 
of the treated saphenous vein grafts (8.3 years, range 3 
months to 20 years, from bypass surgery to graft inter- 
vention) was also similar between the 2 groups, whereas 
86% of treated grafts were aged >3 years. : 

immediate results: Successful stent placement was 
performed in 83 of 84 segments (99%) (1 failure to di- 
late) and successful atherectomy was performed on 33 
of 35 segments (94%) (2 failures to cross the stenosis . 
with the atherectomy catheter, Table TI). New (non- 
restenosis) lesions accounted for 72% of stented vessels 
and 77% of atherectomized vessels. Most lesions. were 
located in the midportion of the treated graft, although 
14 ostial lesions were treated with atherectomy. Eccen- 
tric lesions were more prevalent in patients with ather- 
ectomies (61%) versus those with stent (40%, p = 0.03), 
but the average reference diameter (3.62 vs 3.80 mm), 
lumen diameter before treatment (0.90 vs 0.86 mm) | 
and percent stenosis (75 vs 78%) of the atherectomized 
and stented vein grafts were similar (p = not significant 
[NS]). The mean lumen diameter increased from 0.90 
to 3.57 mm after stenting, and from 0.86 to 3.47 mm 
(p = NS), corresponding to an acute gain of 2.77 mm 
for stents and 2.67 mm for atherectomy (p = NS). 

There were no major complications (Q-wave myo- 
cardial infarctions, procedural deaths, or emergent coro- 
nary bypass procedures) after either stenting or atherec- 
tomy (Table III). Distal embolization of graft plaque 
material was evident by distal branch obstruction in 1 
patient treated with stenting and in 1 treated with ath- 
erectomy; non-Q myocardial infarction occurred in 9 
patients (10%) treated with stenting and in 1 (3%) with 
atherectomy (p = NS). By comparison, during the same 
period 3 of 57 conventional angioplasty procedures (5%) 
in saphenous vein bypass grafts required emergent coro- 
nary bypass surgery due to an inability to cross acutely 
occluded grafts in 2 patients, and abrupt closure follow- 
ing inflation of a long (40 mm) stenosis in 1 patient. 

In 27 segments treated with atherectomy, athero- 
sclerotic plaque was present in 81%, thrombus in 63% 
and intima in 44%. Excision of deep wall components 
was common, with media present in 35% and adventitia 
in 19%. There was no association between the presence. = 
of either media or adventitia, vessel size, and acute re- 
sult or restenosis. There was, however, an association. 
between the presence of atherosclerosis or thrombus and 
graft age (p = 0.03): atherosclerosis was present. in all 
grafts aged >7 years, but in aad 64% of f younger ian 4 














A 


(p = 0.03). In contrast, smooth muscle cell hyperplasia 
was less common (28%) in grafts aged >7 years, com- 
pared with younger grafts (72%, p = 0.03). 

During this study period, 57 of the 176 saphenous 
vein bypass grafts (32%) treated with percutaneous 
techniques underwent conventional balloon angioplasty. 
The decision to treat with conventional angioplasty 
rather than stenting or directional atherectomy was 
based on contraindications to the newer interventions in 
49 cases (86%: diameter <3 mm in 13, marked intralu- 
minal thrombus in 20, severe calcification in 1, or total 
graft occlusion in 16). 

Follow-up: Angiographic follow-up was available in 
50 of 64 patients (78%) treated with stenting or ather- 
ectomy eligible for 6-month follow-up. The mean fol- 
low-up time was 181 + 57 days (25th percentile, 149 
days; 50th percentile, 189 days; and 75th percentile, 218 
days). The average stenosis diameter (2.77 vs 2.67 mm) 
and percent stenosis (36 vs 33%) were similar for stents 
and atherectomy (p = NS), although late loss in lumen 
diameter tended to be slightly greater for stents (1.53 
mm) than for atherectomy (1.20 mm, p = NS). The 
rate of restenosis, defined as the presence of 250% di- 


Death or MI 


cod 
g 
> 
-rA 
> 
= 
pas 
ep) 
@ 
C3 
£. 
7 
+ 
E 
aD 
> 
LLJ 
hes sana 
© 
> 
4 
rd 
r 
-rA 
A 
rg 
La 
O 
E 
ae 





ameter stenosis at 6-month follow-up angiography, was 
26% (95% confidence intervals: 14%, 38%), which was 
similar between the 2 groups (25% for stents and 28% 
for atherectomy [p = NS]). Clinical follow-up demon- 
strated 1- and 2-year survival rates of 90 and 87%, and 
l- and 2-year freedom from death, myocardial infarc- 
tion, coronary bypass surgery or repeat coronary angio- 
plasty in 80 and 74% at 1 and 2 years, respectively (Fig- 
ure 5), 


DISCUSSION 

Although balloon angioplasty of saphenous vein 
grafts can be performed with acceptable acute success 
and complication rates, up to 70% of the dilated vessels 
develop restenosis within 6 months of the procedure.!° 
We report here on a single center experience using 2 
newer interventional devices (intracoronary stenting and 
directional atherectomy) instead of conventional balloon 
angioplasty for the treatment of selected stenotic saphe- 
nous vein grafts. Most patients (69%) who presented 
with bypass graft stenosis during the study period were 
considered to be candidates for at least 1 of these new 
technologies. The remaining patients were treated with 


Death, MI, or CABG 


Death, MI, CABG, or PTCA 


| 
18 


months 


FIGURE 5. Probability of event-free survival after vein graft Palmaz-Schatz stenting or directional atherectomy. The Kaplan- 
Meijer 


freedom from: death, death and myocardial infarction (Ml); or death, MI and coronary 
nal 


estimates of 
(CABG); or death, MI, CABG or conventional 


percutaneous transluminal coronary 
year probability of freedom from death was 90 and 87%, whereas the 1- and 2-year 
CABG or PTCA was 80 and 74%. 


artery bypass grafting 
angioplasty (PTCA) are shown. The 1- and 2- 
of freedom from death, MI, 
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conventional angioplasty predominantly because they 
had 1 or more relative contraindications to either stent 
placement (thrombus, total occlusions) or directional 
atherectomy (vessel <3 mm, heavily calcified lesion). 
Analysis of acute results revealed very high acute 
success rates (99% success for stenting and 93% success 
for atherectomy), comparable or superior to those re- 
ported for conventional angioplasty of saphenous vein 
grafts.'-? In fact, procedural success and safety were 
similar to that for atherectomy and stenting in native 
vessels.!’-2! This is particularly remarkable given the 
high (86%) fraction of our patients whose saphenous 
vein grafts were >3 years old.!-37 
Six-month angiographic follow-up was available for 
78% of eligible patients, and showed a 26% restenosis 
rate, significantly lower than that previously reported 
for conventional angioplasty in similar lesions.!-? More- 
over, our study population was significantly larger than 
most previous reports, and the completeness of angio- 
graphic follow-up was greater. Thus, the restenosis rate 
in the current study compares favorably to those previ- 
ously reported after directional atherectomy in saphe- 
nous vein bypass grafts,??-2> and is similar to the 
multicenter experience with Palmaz-Schatz stenting in 
saphenous grafts.2° These apparently lower restenosis 
rates may be related to the fact that we have tradition- 
ally attempted to obtain the largest, safely possible 
acute lumen diameters with both stenting and atherec- 
tomy, in accord with our observation that larger lumen 
diameters immediately following the procedure corre- 
late with a lower subsequent restenosis rate. 1677-30 
The histologic analysis performed on atherectomy 
specimens reveals an-interesting pattern: lesions in older 
grafts are more likely due to atherosclerosis, whereas 
lesions in younger grafts (including those at the aorto- 
ostial junction) are more likely due to intimal hyperpla- 
sia.2! This extends prior observations on changing his- 
tology with graft age based on autopsy data.>+3 
Study limitations: This study was an observational 
rather than a prospective, randomized trial, in which 
patients were selected for a particular treatment at the 
discretion of the operator, based on lesion characteris- 
tics and vessel size. Although the patients we excluded 
from stent or directional atherectomy had a lower suc- 
cess and a higher complication rate, this may well have 
been due to their more unfavorable anatomy rather 
than an inherent superiority of stenting or atherectomy 
over conventional balloon angioplasty. Similarly, our re- 
stenosis rates cannot be evaluated fully without access 
to a comparable group of patients undergoing conven- 
tional balloon angioplasty, but 2 such randomized trials 
for the treatment of vein graft stenosis, CAVEAT II 
(balloon angioplasty versus directional atherectomy) 
and STRESS (balloon angioplasty versus Palmaz- 
Schatz stenting), are currently in progress. However, we 
can state that nearly all patients with vein graft lesions 
who presented without specific technical contraindica- 
tion to stenting or directional atherectomy were success- 
fully treated with 1 of these technologies, with good 
short- and long-term outcome. 
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Comparison of Accuracy for Detecting Coronary 
Artery Disease and Side-Effect Profile of 
Dipyridamole Thallium-201 Myocardial Perfusion 
Imaging in Women Versus Men 


Barbara A. Kong, MD, Leslee Shaw, MS, D. Douglas Miller, MD, and Bernard R. Chaitman, MD 


intravenous dipyridamole planar thallium-201 im- 
aging is a safe and effective test for detection and 
prognosis of coronary artery disease (CAD) in the 
general population. The relative diagnostic accura- 
cy and side-effect profile of dipyridamole thallium- 
201 stress imaging in women is not defined. For- 
ty-three consecutive female and 71 male patients 
who underwent dipyridamole thallium-201 imag- 
ing (0.56 mg/kg) within 3 months of cardiac cath- 
eterization were studied. Scans were considered 
abnormal if fixed or reversible perfusion defects 
were detected. Stenosis severity of 250% luminal 
diameter reduction of any artery defined CAD. 
Overall sensitivity for detection of CAD was 0.87 
in women and 0.94 in men; specificity was 0.58 in 
women and 0.63 in men (p = not significant). Sen- 
sitivity for detection of 1-vessel CAD was 0.60 in 
women and 0.94 in men (p = 0.001). The sensitiv- 
ity for detection of multivessel CAD (with or with- 
out surgical revascularization) was 1.0 and 0.94 
in women and men, respectively. Adverse effects 
were reported in 62% of women and in 38% of 
men (p = 0.01). There was no significant differ- 
ence in the incidences of chest pain, headache, 
nausea, flushing or electrocardiographic changes. 
The incidences of severe ischemia and dizziness 
were higher in women. Possible explanations for 
this difference in adverse effects include gender _ 
differences in the volume of distribution of dipyrid- 
amole due to varied fat-to-muscle ratios and dif- 
ferent subjective nocioceptive sensitivities to the 
effects of dipyridamole. Overall sensitivity and 
specificity are comparable between the sexes. 
(Am J Cardiol 1992;70:168-173) 
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menopausal women, and represents a noninva- 

sive diagnostic challenge. Exercise electrocardi- 
ography is known to have a lesser overall diagnostic ac- 
curacy in women than in men presenting with chest 
pain syndromes. The sensitivity and specificity of exer- 
cise thallium testing has been shown to be comparable 
between the sexes if gender-specific artifacts are taken 
into account.!? Intravenous dipyridamole is a relatively — 
selective coronary arterial vasodilator. When used in 
conjunction with thallium-201, it is useful for assessing 
myocardial perfusion abnormalities distal to flow-limit- 
ing coronary artery stenoses.*° This approach is fre- 
quently applied to patients with limited exercise toler- 
ance in order to detect CAD and to evaluate short- and 
long-term prognosis.’-!° This study extends previous re- 
ports!!-!3 by investigating the diagnostic value and pro- 
file side effect of intravenous dipyridamole thallium-201 
imaging in women compared with men. 


(Ceres artery disease (CAD) is common in post- 


METHODS 

Patient population: Retrospective identification of 
all patients in the St. Louis University Medical Center 
computerized data base who had undergone dipyrida- 
mole thallium imaging between August 1984 and Au- 
gust 1987 was completed. Patients were included in the 
current analysis if they had undergone cardiac catheter- - 
ization within 3 months of their dipyridamole test with- 
out intervening revascularization procedures. No at- 
tempt was made to match the male and female subjects 
with regard to clinical or angiographic parameters. Pa- 
tients with uncontrolled, unstable angina or congestive 
heart failure and those with severe bronchospastic lung 
disease are not considered candidates for dipyrida- 
mole thallium-201 imaging, and were excluded from 
the study population. The remaining patients in whom 
thallium-201 imaging data were reviewed included 43 
women and 71 men. Indications for dipyridamole thalli- 
um-201 testing are summarized in Table I. Table H de- 
scribes the clinical characteristics of this patient popula- 
tion. Women tended to have more unstable anginal pat- 
terns; other characteristics, including major risk factors 
and use of medications were comparable between men 
and women studied. 

Dipyridamole infusion and imaging protocol: Dipy- 
ridamole infusion and planar thallium-201 myocardial 
imaging, patient preparation and monitoring were per- - 
formed as previously reported by our laboratory.’>!? 
Aminophylline and nitroglycerin were available for 
treatment of patient side effects. Immediate and de- 
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layed thallium-201 images interpreted by 2 independent 
expert reviewers unaware of the clinical and angio- 


TABLE II Clinical Characteristics of the Study Population 


graphic data. Reviewers were aware of patient gender in Women Men 

order that soft tissue imaging artifact could be fairly (n= 43) (n= 71) p Value 
\ evaluated.!3 Scans were considered as abnormal if ei- Average age (yrs) 63+10 62+7.4 

ther fixed or reversible defects were noted. i Average weight (Ibs) 174 +26 185+ 22 


Risk factors 
History of hypertension 25 (58%) 35 (49%) 
History of diabetes 12 (28%) 15 (21%) 
mellitus 
Family history 15 (35%) 18 (25%) 
Current smoker 15 (35%) 17 (24%) 
Hypercholesterclemia 8 (19%) 9 (13%) 
Presentation 
Asymptomatic 10 (23%) 17 (24%) 
Nonspecific chest pain 13 (30%) 11 (15%) 
Stable angina 6 (14%) 26 (37%) 
Recent Mi 1 (2%) 7 (10%) 
Crescendo angina 7 (16%) 2 (3%) 
_ New onset angina 11 (26%) 6 (8%) 
Medications 
B blocker 9 (21%) 26 (37%) 
Total Calcium antagonist 21 (49%) 38 (54%) 
Nitrates 20 (47%) 37 (52%) 


~~. CAD = coronary artery disease; PTCA = percutaneous transluminal coronary 
angioplasty. MI = myocardial infarction; NS = not significant. 


CORONARY ARTERY DISEASE SEVERITY 


= Females 
NY Males 


TABLE | indication for Dipyridamole Testing 


ng Women Men 


Incapable of exercising 
Pre-PTCA 


_Post-PTCA 
Post—myocardial infarction 


Evaluation of known CAD 
Evaluation of suspected CAD 
Post—unstable angina 

Study protocol 

Other 





y> 


FIGURE 1. Although there was a 
trend toward more severe coronary 
artery disease in men, this differ- 
ence was not statistically signifi- 
cant. CABG = coronary artery by- 
pass graft; MVD = multivessel dis- 
ease; = not significant; OVD = zero 
vessel disease; SVD = 1-vessel dis- 
ease. 


latent 
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TABLE IH! Territory of Coronary Artery Stenosis by Gender 


LM (%) LAD (%) LC(%) —- Right (%) 
O (0) 24 (39) 21 (34) 


16 (27) 
7 (5) 51 (35) 38 (18) 48 (33) 
0.06 


0.04 NS NS 
LAD = left anterior descending artery; LC = left circumflex artery; LM = left main 
artery; NS = not significant; Right = right coronary artery. 










Women 
Men 
p Value 










Coronary angiography: Selective right and left coro- 
nary angiography was obtained within 3 months of the 
dipyridamole thallium-201 study. A percutaneous ap- 
proach was used with angiograms obtained in multiple 
projections. A luminal diameter stenosis >50% was con- 
sidered significant for subsequent analyses. 

Statistical analysis: Each patient was questioned 
during and after the dipyridamole infusion about the 
presence of adverse effects, which were not scored as 
mutually exclusive. Event frequencies were compared 
using a chi-square analysis. A p value <0.05 was con- 
sidered statistically significant. For repeat analyses of 
variables, overall type I error rate was minimized by 
considering a p value <0.01 as statistically different. 
The number of narrowed arteries, the prevalence of ad- 
verse effects, and aminophylline and nitroglycerin usage 


were compared between the sexes by chi-square anal- 
ysis. 


RESULTS 

Coronary artery disease severity: The distribution 
of CAD in men and in women is summarized in Table 
III, with the extent of disease further delineated in Fig- 
ure 1. There was no difference between the sexes with 
regard to the severity of CAD, although there was a 
trend toward female predominance in the subset with- 
out significant CAD. An insignificant trend existed in 
favor of more severe CAD and coronary artery bypass 
grafting in men. There was no significant difference in 
the distribution of thallium-201 defects (fixed, 13 vs 5%; 
reversible, 74 vs 72%; p = not significant [NS]) between 
men and women. 

Sensitivity and specificity: The sensitivity for detec- 
tion of CAD in women was 0.87 (27 of 31) a value not 
significantly different from that in men (0.94 or 59 of 
63) (Figure 2). Specificity of the dipyridamole thalli- 
um-201 scan was 0.5& (7 of 12) in women and 0.63 (5 | 
of 8) in men. Figure 3 depicts the sensitivity of dipyrida- 
mole thallium-201 imaging with respect to the extent of 
CAD. There was a lower sensitivity (0.60 or 6 of 10) for 
the detection of 1-vessel CAD in women compared with 
men (0.94 or 15 of 16) (p = 0.01). There was no signifi- 


DIAGNOSTIC ACCURACY BY GENDER 
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FIGURE 2. The sensitivity and specific- 
ity of dipyridamole thallium testing is 
comparable between the sexes. 
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SENSITIVITY STRATIFIED BY EXTENT OF CAD 


FIGURE 3. In the subgroup with 1- 
vessel disease (SVD) the sensitivity 
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Chest Pain ECG Changes = Severe Ischemla 


FIGURE 4. Women had more adverse effects than men. Severe ischemia and dizziness were more common in women. ECG = 


DIPYRIDAMOLE THALLIUM-201: WOMEN VERSUS MEN 171 


cant difference between the sensitivity for the detection 
of multivessel CAD (with or without coronary artery 
bypass grafting): 1.0 (21 of 21) in women compared 
with 0.94 in men (44 of 47). ` 

Of the four women with false-negative dipyridamole 
thallium-201 scans, 3 had stenoses in a distal or branch 
coronary: vessel. Four men had false-negative. scans: 2 
had distal coronary artery or branch vessel disease and 
the. other 2 had patent coronary artery bypass grafting. 
Four of 8 scans classified as false-positive had a 230% 
diameter stenosis in 1 or more coronary arteries. One 
additional patient had a myocardial bridge, whereas 2 
patients had normal angiograms. 

Adverse effects: The overall incidence of adverse ef- 
fects was 62% (27 of 43) in women and 38% (27 of 71) 
in men (p <0.01). The incidences of chest pain, isch- 
emic electrocardiographic changes, headache, nausea 
and flushing did not differ significantly between the 
SEXES (Figure 4). There was a greater incidence of dizzi- 
ness in women. Four women (9%) experienced severe 
ischemia, defined as recurrent or prolonged (>15 min- 
utes) chest pain associated with significant electrocar- 
diographic ST-segment changes, compared with only 
1% (1) of men. 

- Aminophylline or nitroglycerin requirement: Non- 
cardiac symptoms were treated with intravenous ami- 
nophylline if severe. Aminophylline was used to treat 
chest pain, with or without ischemic electrocardiograph- 
ic changes in 9 of 43 women (21%) and in 12 of:71 men 
(17%) (p = NS). Six male (8%) and 5 female (12%) 
subjects also received nitroglycerin (p = NS). One fe- 
male patient with recently controlled unstable angina 
did. not respond quickly to intravenous aminophylline 
and sublingual nitroglycerin. This patient required 
emergency angioplasty: of: a proximal left anterior de- 
scending stenosis,. and did not satis d evidence at a 
myocardial infarction... 


DISCUSSION i i 

The diagnostic accuracy of exercise- testing is re- 
duced in many patients with neurologic, rheumatologic 
or vascular problems that restrict treadmill or bicycle 
ergometer testing. Preoperative noninvasive diagnosis of 
CAD has been shown to be useful in selected subsets of 
patients.’“!° Use of pharmacologic: vasodilator agents 
that increase coronary perfusion and accentuate the dif- 
ference in flow between angiographically normal vessels 
and those with flow-limiting stenoses has been success- 
ful in detecting CAD. Intravenous dipyridamole in- 
creases coronary blood flow up to 4 times when admin- 
istered in a dose of 0.14 mg/kg/min,> and when used in 
conjunction with thallium-201 has been found to be a 
safe and accurate diagnostic and prognostic test for 
CAD.12 

Diagnostic accuracy: Our data demonit that in- 
travenous dipyridamole thallium-201 myocardial imag- 
ing has acceptable sensitivity for detection of CAD in 
both sexes. Sensitivity for detection of 1-vessel disease 
was lower in women than in men; however, this patient 
subset was relatively small. Careful consideration of 
breast attenuation artifact, particularly in the antero- 





septal, anterior and anterolateral areas, as well as the 


basal posterolateral region, is critical.!> The distribution 


of disease between major coronary arteries was not sta- 
tistically significant between the sexes in this study (Ta- 
ble IID). Defects-were distributed in the posterolateral 
(2) inferoapical (2) and anterolateral (1) regions in 
women, and in the inferior (1); anterolateral (1), an- 
teroseptal (1) and apical (2) area in men. Thus, breast 
attenuation artifact was not an adequate explanation for 
the sex-based differences in our diagnostic finding. 
Specificity was relatively low.compared with other 
studies, attributable (in part) to post-test bias. Cardiac 
catheterization was frequently performed in patients 


with abnormal test results, whereas those with negative 


test results were usually not referred for diagnostic angi- 
ography. Additionally, dipyridamole thallium-201 test- 
ing used as a screening test for CAD favors sensitivity 
over specificity. 

Side-effect profile: Our data contin that intrave- 
nous dipyridamole thallium-201 imaging is safe at a 
standard dose of 0.56 mg/kg body weight.4!2/4 A 
greater incidence of adverse effects was experienced in 
response. to dipyridamole in women. Dipyridamole is 
known to have a volume of distribution similar to that 
of a purely water soluble compound, antipyrine, and is 
thus considered to be a water soluble compound.'> Di- 
pyridamole is dosed according to body weight, not lean 
body mass or ideal body weight. Although not calculat- 
ed in this or larger!! registry studies, women generally 
have greater fat-to-muscle ratios than men, and would 
therefore tend. to have a relatively smaller volume of 
distribution for dipyridamole. Our group has previously 
demonstrated an increased incidence of adverse effects 
in obese patients, which is also compatible with this 
theory.!4 

. Clinical. implications: -Dipytidamole ' thallium-201 
imaging is a safe, noninvasive method for the evaluation 
of patients with CAD. In a relatively small subset, there 
was a trend toward a lower sensitivity for detection of 1- 
vessel disease in women than in men. This finding re- 
quires validation in a larger patient population. The in- 
cidence of any dipyridamole side effect and of dizziness 
and severe ischemia is greater in women than in men. 
Although the cause of this gender. difference is-undeter- 
mined, consideration should be given to reducing the 
dose of intravenous dipyridamole because of the theo- 
retically. smaller volume-of drug distribution in women. 


REFERENCES 

1. Friedman T, Greene A, Iskandrian A, Hakki A, Kane S, Segal B. Exercise 
thallium-201 myocardial scintigraphy in women: correlation with coronary arteri- 
ography. Am J Cardiol 1982;49:1632-1637. 


_ 2. Hung J, Chaitman B, Lam J, Lesperance J, Dupras G, Fines P, Bourassa M. 


Noninvasive diagnostic test choices for the evaluation of coronary artery disease in 

women: a multivariate comparison of cardiac fluoroscopy, exercise electrocardiog- 

raphy and exercise thallium myocardial perfusion scintigraphy. J Am Coll Car- 

diol 1984;4:8-16. 

3. Francisco D, Collins S, Go R, Ehrhardt J, Van. Kirk O, Marcus M. Tomo- 
graphic thallium-201 myocardial perfusion scintigrams after maximal coronary 

artery vasodilatation with intravenous dipyridamole. Circulation 1982;66: | 

370-379. 

4..Albro P, Gould K; Westcott R, Hamilton G, Ritchie J, Wiliams D. Noninva- 

sive assessment of coronary stenoses by myocardial imaging during pharmacolog- 


172 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70. JULY 15, 1992 


ic coronary vasodilatation. III. Clinical trial. Am J Cardiol 1978;42:751-760. 
5. Gould K. Noninvasive assessment of coronary stenoses by myocardial perfusion 
imaging during pharmacologic coronary vasodilatation. I. Physiologic basis and 
experimental validation. Am J Cardiol 1978;41:267-278. 

6. Gould K, Westcott R, Albro P, Hamilton G. Noninvasive assessment of 
coronary stenoses by myocardial imaging during pharmacologic coronary vasodi- 
latation, IT. clinical methodology and feasibility. Am J Cardiol 1978;41:279-287. 
7. Camp A, Garvin P, Hoff J, Marsh J, Byers S, Chaitman B. Prognostic value of 
intravenous dipyridamole thallium imaging in patients with diabetes mellitus 
considered for renal transplantation. Am J Cardiol 1990;65:1459-1463. 

8. Sachs R, Tellier P, Larmignat P, Azorin J, Fischbein L, Beaudet B, Cadihac P, 
Cupa M, Florent G, Vulpillat M, Lanfranchi J. Assessment by dipyridamole- 
thaflium-201 myocardial scintigraphy of coronary risk before peripheral vascular 
surgery. Surgery 1987;103:584-587. 

9. Eagle K, Coley C, Newell J, Brewster D, Darling R, Strauss H, Guiney T, 
Boucher C. Combining clinical and thallium data optimizes preoperative assess- 
ment of cardiac risk before major vascular surgery. Ann Intern Med 1989;110: 


859-866. 

10. Boucher C, Brewster D, Darling R, Okada R, Strauss H, Pohost G. Determi- 
nation of cardiac risk by dipyridamole-thallium imaging before peripheral vascu- 
lar surgery. N Engl J Med 1985;312:389-394, 

11. Ranhosky A, Rawson J. The safety of intravenous dipyridamole thallium 
myocardial perfusion imaging. Circulation 1990;81:1205-1209. 

12, Lam J, Chaitman B, Glaenzer M, Byers S, Fite J, Shah Y, Goodgold H, 
Samuels L. Safety and diagnostic accuracy of dipyridamole-thallium imaging in 
the elderly. J Am Coll Cardiol 1988;11:585-589., 

13. Goodgold H, Rehder J, Samuels L, Chaitman B. Improved interpretation of 
exercise TI-201 myocardial perfusion scintigraphy in women: characterization of 
breast attenuation artifacts. Radiology 1987;165:361-366. 

14. Camp A, Chaitman B, Goodgold H, Byers S, Shaw L, Barth G, Samuels L. 
Intravenous dipyridamole: body weight considerations and dosage requirements. 
Am Heart J 1989;117:702-704. 

45. Nielsen-Kudsk F, Pedersen A. Pharmacokinetics of dipyridamole. Acta 
Pharmacol et Toxicol 1979;44:391-399. 


DIPYRIDAMOLE THALLIUM-201: WOMEN VERSUS MEN 173 





Strategy of Complete Revascularization in 
Patients with Multivessel Coronary Artery 
Disease (A Report from the 1985-1986 

NHLBI PTCA Registry) 
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DrPH, and the Co-investigators of the National Heart, Lung, and Blood Institute Percutaneous 
Transluminal Coronary Angioplasty Registry* | 


Percutaneous transluminal coronary angioplasty 
(PTCA) is increasingly performed in patients with 
multivessel coronary artery disease (CAD) despite 
reports showing relatively low rates of complete 
revascularization and poorer long-term prognosis 
for patients with significant residual narrowings. 
Reasons for Incomplete revascularization were as- 
sessed in 618 patients with multivessel CAD in the 
1985-1986 National Heart, Lung, and Blood Insti- 
tute (NHLBI) PTCA Registry. The PTCA operator 
was asked to describe the treatment plan and out- 
come for each of the 1,942 significant lesions 
(250% luminal diameter stenosis) in the Registry 
patients. Although all significant narrowings were 
considered amenable to balloon angioplasty in 
77% of patients, complete correction was intend- 
ed only for 34% of them. It was attempted in 28% 
and successful in 19%. Only 63% of total occlu- 
sions were considered amenable to PTCA and only 
54% of those attempted were successfully dilated. 
PTCA was intended for 38% with 50 to 69% ste- 
noses versus 80% with 70 to 89% stenoses and 
for >85% with narrowings >90%. Dilatation in 
narrowings of the left circumflex and left anterior 
descending artery systems was intended less fre- 
quently than in lesions of the right coronary ar- 


tery. Finally, there was wide variability in opera- . 


tor strategy among the different Registry sites. It 
is concluded that (1) complete revascularization is 
infrequent after PTCA in patients with multivessel 
CAD, (2) major reasons for incomplete correction 
include total occlusions that are not PTCA amena- 
ble or are unsuccessfully attempted, and less than 
severe (50 to 69%) coronary narrowings by visual 
_ estimation for which PTCA is frequently not in- 
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tended, and (3) incomplete revascularization is of- 
ten part of the PTCA strategy, and can usually be 
prener before PTCA. 

(Am J Cardiol 1992;70:174-178) 


en introduced in 1977, percutaneous translu- 

minal coronary angioplasty (PTCA) was per- 

formed primarily in patients with single dis- 

creté narrowings.! As operator experience increased and 
the relevant technology improved, the procedure was in- 
creasingly applied to patients with multivessel coronary 
artery disease (CAD).? Some patients, through failure 
of the procedure or because not all stenoses are attempt- 
ed, are left with significant residual lesions. Several 
studies reported relatively high rates of incomplete re- 
vascularization after balloon coronary angioplasty in 
patients with multivessel CAD, and some have suggest- 
ed a poorer long-term prognosis for patients with residu- 


al CAD.3-!° However, identification of the possible 


causes for incomplete revascularization was rarely at- 
tempted in these studies. This report presents the 
1985-1986 National Heart, Lung, and Blood Institute 
(NHLBI) PTCA Registry data on completeness of re- 
vascularization in patients with multivessel CAD, and 
endeavors to explain why complete revascularization 
was frequently not achieved after PTCA in these pa- 
tients. 


METHODS 

Patient population: We considered in this report a 
cohort of 1,802 patients from 15 participating sites who 
underwent PTCA outside of the setting of a recent 
myocardial infarction (within the last 10 days). Of these 
patients, 964 had significant multivessel CAD (250% 
luminal diameter stenosis) in 2 or 3 coronary territories 
as defined by the Coronary Artery Surgery Study algo- 
rithm.!! Because presence of bypass grafts and signifi- 
cant left main stenosis can confound the assessment of 
CAD and affect PTCA strategy, we deleted 222 Regis- 
try patients who had prior bypass surgery or left-main 
CAD at the time of their first PTCA from analysis. 

For the sake of clarity, we excluded from this analy- 
sis an additional 124 patients with a left dominant coro- 
nary artery system. In patients with a left dominant sys- 
tem, narrowing in the right coronary artery is not 
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counted as significant by the Coronary Artery Surgery 
Study algorithm (even though some Registry patients 
actually had such lesions attempted), and it is possible 
for a patient to have multivessel CAD with only 1 sig- 
nificant lesion. Only patients with a balanced or right 
dominant anatomy were included, because in these 
cases 2- and 3-vessel CAD are defined by the presence 
of at least 1 significant narrowing in each of 2 or 3 of 
the major coronary artery systems, respectively. Thus, 
618 patients with right or balanced dominance and sig- 
nificant CAD in multiple arteries remained for analysis. 
For these patients, 2- or 3-vessel CAD was determined 
by whether 2 or 3 of the coronary territories (right coro- 
nary, left anterior descending and left circumflex arter- 
ies), respectively, had significant CAD. 

Definitions: Baseline data collection in the PTCA 
Registry have been previously described.* During base- 
line angiographic data collection, the PTCA operator 
was asked to describe the treatment plan for each sig- 
nificant lesion as 1 of the following: PTCA amenable 
and intend to dilate, PICA amenable but do not intend 
to dilate, and not PTCA amenable. Information was 
also collected about which intended stenoses were at- 
tempted, and which of these were successfully dilated. 

Angiography was performed with multiple views be- 
fore and after PTCA. The extent of stenosis before and 
after PTCA was determined by the operator’s evalua- 
tion, using the view that showed the most severe steno- 
sis. The definitions of baseline and early postangioplasty 
residual vessel disease recorded in the Registry used the 
Coronary Artery Surgery Study algorithm, with a 50% 
cutpoint for significant disease. 

Because the Registry did not collect detailed mor- 
phologic information on lesions that were not attempt- 
ed, it was only possible to break down the analysis of 
significant lesions by severity of stenosis before angio- 
plasty and lesion location. 


RESULTS 

Baseline characteristics and in-hospital events: Ta- 
ble I lists the baseline characteristics and in-hospital 
complications of the 618 patients in this study by num- 
ber of diseased vessels. Patients with 3-vessel CAD were 
somewhat older, more likely to be women, and had a 
more frequent history of congestive heart failure and a 
significantly more frequent history of diabetus mellitus 
than patients with 2-vessel CAD. 

Multiple lesions were attempted during PTCA in 
59% of patients and multivessel angioplasty was per- 
formed in 46%. As expected, there were more multiles- 
ion and multivessel attempts in patients with 3- than in 
patients with 2-vessel CAD. About 20% of procedures 
were performed on an urgent or emergency basis, which 
meant that in the operator’s judgment, revascularization 
had to be accomplished before the patient could be dis- 
charged from the hospital. Rates of major events occur- 
ring during or after PTCA in the hospital were 1.6% for 
mortality, 5.5% for myocardial infarction, and 4.4% for 
emergency coronary bypass surgery. 

Operator strategy and reasons for incomplete re- 
vascularization: Whereas 77% of patients with mul- 





TABLE | . Baseline and PTCA Characteristics and In-Hospital 
Events 


Three-Vessel 
Disease 
(n = 171) 


Two-Vessel 
Disease 
(n = 447) 


Total! 
(n = 618) 
Characteristics 


Mean age (years) 

Age > 65 years 

Women/men 

Unstable angina pectoris 

Ejection fraction <50% 

Prior myocardial infarction 

Congestive heart failure 
(history) 

Diabetes mellitus (history)* 

Systemic hypertension (his- 
tory) 

Multipie lesion angioplastyt 

Multivessel angioplasty* 

Urgent/emergency angio- 
plasty 

In-hospital death 

Myocardial infarction 

Emergency coronary bypass 
surgery 

Elective coronary bypass 
surgery 


; *) a aa for chi-square test comparing patients with 2- and 3-vessel disease; 
p <0.05., 
PTCA = percutaneous transluminal coronary angioplasty. 


tivessel disease in the 1985-1986 PTCA Registry were 
considered to be amenable to complete revascularization 
by balloon coronary angioplasty alone, complete correc- 
tion was intended for only 34% of them. This figure was 
39% for 2- and 21% for 3-vessel CAD. Complete revas- 
cularization was attempted in 33%, and achieved in 23% 
of patients with 2-vessel CAD and in 15 and 9% of 
patients with 3-vessel disease (Table II). Although com- 
plete revascularization was achieved approximately 
twice as often in patients with 2-vessel as in patients 
with 3-vessel CAD, it was achieved in 68 and 62% of 
the time, respectively, when it was actually planned and 
attempted. 

Operator strategy and reasons for incomplete revas- 
cularization for all patients are shown in Figure 1. Not 
all lesions were amenable to PTCA in 24% of patients, 
and PTCA was considered possible but was not intend- 
ed at the operator’s discretion in 42% of patients. Only 
6% of patients in whom complete revascularization was 
intended did not have all lesions attempted. Finally, the 
procedure was technically unsuccessful in 9% of pa- 
tients. 

influence of lesion severity and location on percuta- 
neous transluminal coronary angioplasty strategy: Ta- 
ble III compares lesion severity and location with opera- 
tor strategy and outcome. Only 63% of total occlusions 
were considered amenable to PTCA, compared with 94 
to 95% for 50 to 99% stenoses. Lesions of the left cir- 
cumflex artery were slightly less frequently amenable 
than stenoses of the right and left anterior SESH 
artery. 
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Among lesions suitable for PTCA, the procedure Variability by Registry site: Table IV illustrates the 
was intended for 38% with stenoses of 50 to 69%, com- marked variability in operator strategy and outcome 
pared with 80% with narrowings of 70 to 89%, and among the different NHLBI PTCA Registry sites. The 
>85% with lesions 290%. Of the 3 locations, dilatation percentages of all patients in whom complete revascu- 
was most frequently planned for lesions in the right cor- larization was amenable, intended, attempted and 
onary artery. achieved by balloon angioplasty varied from 46 to 92%, 


TABLE If Operator Strategy and Outcome Per Patient 


Two-Vessel Three-Vessel 
Disease Disease Total 
{n = 447) {n= 171) {n = 618) 


No. No. No. % 


Amenable to complete 
revascularization 
intended complete 
revascularization 
Attempted complete 
revascularization 
Achieved complete 
revascularization 


% % of 
H % Attempted No, Attempted 
Tota! No. Amenable No. intended of No. of Dilated Dilated 
- No. Amenable of Total intended Amenable Attempted intended to <50% to <50% 


All lesions 
Severity of stenosis 
50-69% 
70-89% 
90-99% 
100% 
Artery 
Right coronary 
Left anterior descending 
Left circumflex 


*p <0.001; tp <0,05. 


Achieved complete ; 

revascularization 117 

145 
Not all lesions amenable 
to PTCA 


All lesions are amenable, 

; intended and attempted, 57 
but not all dilated to Jess 
than 50% stenosis 

37 


All lesions are amenable 
& intended but not all attempted 


262 


All lesions are amenable 
but not all intended 





FIGURE 1. Operator strategy and reasons for incomplete revascularization for the total group of patients with multivessel coro- 
nary artery disease (n = 618): (1) not all lesions amenable to percutaneous transluminal coronary angioplasty (PTCA) (n = 145); 
(2) all lesions amenabie but not all Intended (n = 262); (3) all lesions amenable and intended but not all attempted {n = 37); (4) all 
lesions amenable, intended and attempted but not all dilated to <50% stenosis (n = 57); and (5) achieved complete revascular- 
ization (n = 117). 
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TABLE IV Variability in Operator Strategy and Outcome by Registry Sites 


Site Site Site 
A C D 
{n = 31) {n= 111) 


Amenable to complete 
revascularization (%) 


Intended complete 
revascularization (%) 

Attempted complete 
revascularization (%) 

Achieved complete 
revascularization (%) 


Site 
E F G H i 
(n= 72) (9 = 146) (n=26) (n= 54) (n=57) {n= 33} {n= 38) (n= 50) (n= 618) 





Other All 
Sites* Patients 


Site Site Site Site 


*Sites contributing < 25 patients are combined in this category. 


8 to 61%, 4 to 55%, and 0 to 38%, respectively. Among 
2 of the sites with the lowest intent for complete revas- 
_ cularization, 1 site performed PTCA mostly on right 
coronary artery lesions, and the other site did not plan 
to dilate lesions between 50 and 60%. 


` DISCUSSION 

Currently, PTCA is widely accepted as the revascu- 
larization procedure of choice in symptomatic patients 
with 1l-vessel CAD because of its high potential for 
complete angiographic correction% and global relief of 
angina and myocardial ischemia.'*!> In contrast, com- 
plete correction is achieved much less frequently after 
PTCA in patients with multivessel CAD. As demon- 
strated in this report, complete revascularization was 
accomplished in approximately 20% of patients with 
multivessel CAD in the 1985-1986 NHLBI PTCA 
Registry, including approximately 25% of patients with 
2-vessel CAD, and only 10% of patients with 3-vessel 
CAD. In recent studies in which the degree of revascu- 
larization was evaluated in patients with multivessel dis- 
ease undergoing PICA; complete revascularization was 
reported to vary from 20 to 59%.>-!9 In general, these 
complete revascularization rates were significantly high- 
er for patients with 2-vessel than for patients with 3- 
vessel CAD, and highest in reports in which most pa- 
tients had 2-vessel CAD. 

Reasons for incomplete revascularization were not 
analyzed in these previous studies. The design of the 
NHLBI PTCA Registry lent itself to a well-defined sys- 
tematic breakdown for.some of the major reasons for 
- incomplete revascularization in patients with multivessel 
CAD. Detailed analyses revealed that, even before un- 


dertaking the procedure, complete revascularization was 


clearly not possible or was not planned for the majority 
of Registry patients with multivessel CAD. When the 
suitability of all lesions and the plan of the operator are 
taken into account, we find that complete revasculariza- 
tion was attempted and achieved in 57 and 46% of pa- 
tients with 2- and 3-vessel CAD, respectively. 

The Registry database suggests that the majority of 
lesions not amenable to PTCA are total occlusions, 
whereas many of the lesions amenable but not intended 
- have moderate but not severe stenosis. 

One or more chronic total occlusions are present in a 
significant number of patients with multivessel CAD 


and they are often considered not to be amenable to 
PTCA, unless they are presumed to be recent, e.g., <3 
months old. In the NHLBI PTCA Registry, the opera- 
tor did not indicate whether he believed that the occlu- 
sion was recent or older. Overall, in 63% of the time, 
occlusions were considered to be potentially suitable for 
PTCA. However, the success rate for attempted occlu- 
sions was only 54%. 

Although moderate but not severe stenoses were 
considered suitable for PTCA in a very high percentage 
of cases (94 to 95%), the operator often did not plan to 
perform angioplasty on these lesions. PTCA was intend- 
ed for only 38% of stenoses between 50 and 69% for 
80% of stenoses between 70 and 89%, and for >85% of 
stenoses 290%. There are several possible reasons why 
in patients with multivessel CAD, the Registry opera- 
tors chose not to attempt PTCA in less severe coronary 
stenoses.!2:!3 Major complications after PTCA are often 
unpredictable and can occur in less severe lesions, dila- 
tation of the most severe lesions, the so-called culprit 
lesions, often leads to relief of angina and myocardial 
ischemia, moreover, a second procedure at a later date, 
after documentation of residual ischemia or angina, is 
always possible. Restenosis after dilatation of a moder- 
ate lesion, when it occurs, may be more severe than the 
initial lesions. 

The differences in the percentages of patients in 
whom complete revascularization was intended at the 
Registry sites reflect the varying levels of aggressiveness 
in the practice of PTCA therapy as well as variations in 
the patients’ clinical and angiographic characteristics. 
Differences in revascularization strategy that exist be- 
tween the Registry sites can also be seen among other 
interventional laboratories and may explain variations 
in the results of follow-up studies comparing patients 
with complete and incomplete revascularization.*-!° A 
more detailed report of revascularization strategy, per- 
haps along the lines of this report, may help to clarify 
results and facilitate comparison between studies. 

The results published here reflect the state of PTCA 
strategy for multivessel CAD in experienced centers in 
1985 and 1986. With subsequent improvements in 
PTCA equipment and promising new devices, it would 
be interesting to compare current approach to complete- 
ness of revascularization with the pattern described in 
this report. 
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APPENDIX 

The following persons and institutions participated 
in the NHLBI 1985-1986 PTCA Registry. 

Clinical centers: Boston University Medical Center: 
Principal Investigator, David P. Faxon, MD; Data Co- 
ordinator, Madeline Erario; Emory University Hospital, 
Atlanta: Principal Investigator, Spencer B. King III, 
MD; Data Coordinator, Cynthia Sutor; Georgetown 
University Hospital, Washington, DC: Principal Inves- 
tigator, Kenneth M. Kent, MD; Data Coordinators, 
Carolyn Ewels, Katie Kehoe; Massachusetts General 
Hospital, Boston: Principal Investigator, Peter C. Block, 
MD; Data Coordinator, Elizabeth Block; Mayo Clinic, 
Rochester, Minn.: Principal Investigator, David R. 
Holmes Jr., MD; Data Coordinators, LaVon Hammes, 
Suzy Brevig; Medical Center Hospital, Houston: Princi- 
pal Investigator, Mahdi Al-Bassam, MD; Data Coordi- 
nator, Debbie Lance; Medical College of Pennsylvania, 
Philadelphia: Principal Investigator, Lamberto G. Ben- 
tivoglio, MS, MD; Data Coordinator, Eileen Shappell; 
Medical College of Virginia, Richmond: Principal In- 
vestigator, Michael J. Cowley, MD; Data Coordinator, 
Kim Kelly; Miami Heart Institute: Principal Investiga- 
tor, Arthur J. Gosselin, MD; Data Coordinator, Hazel 
Yon; Montreal Heart Institute: Principal Investigator, 
Martial G. Bourassa, MD; Data Coordinator, Suzanne 
Morin; National Heart, Lung, and Blood Institute, Be- 
thesda, MD: Principal Investigators, Richard O. Can- 
non, MD, Martin Leon, MD; Data Coordinator, Rita 
Mincemoyer; Seton Medical Center, Daly City, CA: 
Principal Investigators, Richard K. Myler, MD, Simon 
H. Stertzer, MD, David A. Clark, MD; Data Coordina- 
tor, Mary Murphy; Rhode island Hospital/Brown Uni- 
versity, Providence, R.I.: Principal Investigator, David 
O. Williams, MD; Data Coordinator, Shirley Emin; St. 
Francis Regional Medical Center, Wichita, KS: Princi- 
pal Investigator, Joseph P. Galichia, MD; Data Coordi- 
nator, Jan Meires; St. Luke’s Episcopal Hospital, Hous- 
ton, TX: Principal Investigator, Louis L. Leatherman, 
MD; Data Coordinator, Joan Matties; St. Luke’s Hos- 
pital, Milwaukee, WI: Principal Investigator, Gerald 
Dorros, MD; Data Coordinators, Lynne Janke-Math- 
iak, Marla Engel. 

Data coordinating center: University of Pittsburgh: 
Principal Investigators, Katherine M. Detre, MD, 
DrPH, Sheryl F. Kelsey, PhD; Statisticians, John Wil- 
son, PhD, Richard Holubkov, MS, Ann Rodewald 
Steenkiste, MS, Ann Lu, MS; Manager (systems analy- 


sis), William P. Amoroso; Programmer, Sheela Ghosal; 
Data Manager, Verna Niedermeyer; Research Assis- 
tants, Polly Swanson, Sharon Yeh, Huiman Xia Barn- 
hart; Administrative Secretaries, Donna Gibbons, Mar- 
garet Jasko; Secretary, Rita Wolk. 

National Heart, Lung, and Blood Institute: Eugene 
R. Passamani, MD, and George Sopko, MD (program 
office), Bethesda, MD. 
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Mortality rates for Medicare patients who under- 


went coronary artery bypass surgery were com- 
pared with those who had angioplasty or angio-. 
plasty and bypass surgery. Two data sets were 
used for this study: The first contained informa- 
tion on demographic factors, co-morbidities and 
subsequent mortality on all 96,666 Medicare pa- 
tients who had bypass surgery or angioplasty in 
1985; the second contained additional detailed 
clinical data collected using the MedisGroups 


‘method on a random sample of 2,931 revascular- 


ization patients from 6 states. 

From the national data set 30-day and 1-year 
mortality rates were 3.8 and 8.2% for 25,423 an- 
gioplasty patients and 6.4 and 11.8% for 71,243 
bypass surgery patients (p <0.001 for both time 
periods). Mortality rates for the MedisGroups 
data were 4.4 and 8.5% for the angioplasty pa- 
tients and 6.5 and 11.9% for the bypass surgery 
patients. After eliminating patients admitted with 
a myocardial infarction, mortality rates were 1.9 
and 6.0% for 632 angioplasty patients and 5.1 
and 10.8% for 1,730 bypass surgery patients. 
The risk-adjusted relative risk of mortality for by- 
pass surgery versus angioplasty was 1.72 
(p = 0.001) for all patients, 2.15 (p <0.001) for 
low-risk patients and 0.90 (p = not significant) for 
high-risk patients. Results suggest that low-risk 
patients have better survival with angioplasty be- 
cause of lower short-term mortality. 

(Am J Cardiol 1992;70:179-185) 
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conducted in an academic institution!- or by a 


S tudies to evaluate new technologies are usually 
group of collaborating institutions with a research 


-orientation.*~* Although these institutions have the per- 


sonnel with the training and motivation to conduct large 
studies, their patients, technical expertise and environ- 
ments may not be representative of the medical system 
as a whole. If they are not representative, then technolo- 
gy assessment in these institutions may indicate efficacy 
(the performance of the technology in ideal settings) 
but not effectiveness (the performance of the technology 
in the population actually subjected to the technology). 
Therefore, study results from academic institutions may 
not provide optimal information needed for decision 
making by physicians or policy planners. 

The Health Care -Financing Administration 
(HCFA) is investigating methods to obtain information 
on the effectiveness of medical strategies from routinely 
collected data.’ The billing data collected at the present 
time are adequate for some assessments and plans are 
underway to collect detailed clinical data on 10% of 
Medicare patients® that can be used for more sophisti- 
cated assessments. Other routinely collected detailed 
clinical data bases such as the Duke cardiovascular reg- 
istry? or the MedisGroups comparative data base? can 
also be analyzed for the study of effectiveness. These 
observational data bases have greater potential for bias- 
es than randomized clinical trials for treatment evalua- 
tion. On the other hand, the observational data bases 
are often less expensive and more timely than random- 
ized trials, and they are more likely to contain the pa- 
tients actually receiving the technology. For these rea- 
sons observational studies provide information that is 


complementary to that provided in trials. 


In a pilot project to determine the value of routinely 
collected data, HCFA has used a modified version of 
the MedisGroups system? to collect data on patients un- 
dergoing a coronary artery revascularization procedure: 
bypass surgery or angioplasty. A preliminary analysis of 
these data was included in a previous publication.’ The 


: present report evaluates further how these data can be 


used to compare survival after coronary artery percuta- 
neous transluminal angioplasty (PTCA) and coronary 
artery bypass grafting (CABG). i 


METHODS 

Patients who underwent both PTCA and CABG 
during the same hospitalization were classified as hav- 
ing PTCA: because it was most likely the admission pro- 
cedure. Classifying patients with CABG and PTCA as 
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having PTCA is also a conservative approach because it 
reduces the differences in survival between the 2 proce- 
dures. 

Two data sets were analyzed in this study. The first 
contained information from the UB82 hospital claims 
data for all patients who had a procedure billed to 
HCFA under Medicare in 1985. Information available 
from the claims data included ICD-9-CM codes on as 
many as 5 diagnoses and 3 procedures, and the patients’ 
race, sex and age. Additional information on the date 
of death for all of these patients who died before Janu- 
ary 1, 1987 was obtained from the Social Security Ad- 
ministration. A study published in 1983! reported that 
the social security information on mortality identified 
93.8% of the deaths in 1979 to 1980 and incorrectly 
labeled people as dying within 0.2% of the time. The 
results had been improving up to 1980 and may be bet- 
ter now than at that time. 

The second data set contained detailed clinical infor- 
mation obtained by the HCFA from the medical rec- 
ords of Medicare patients having CABG or PTCA hos- 
pitalized in 1985. Seven peer review organizations par- 
ticipated in the data collection. Each peer review orga- 
. nization randomly selected approximately 600 revascu- 
larization patients for abstraction from the pool of 
patients who had billed Medicare for PTCA or CABG. 
Sample sizes were reduced for each of the peer review 
organizations because charts could not be located. The 
sample sizes from each peer review organization were 
Alabama (n = 593), Arizona (n = 483), Indiana (n = 
512), Pennsylvania (n = 476), Utah (n = 317) and Wis- 
consin (n = 540) for a total of 2,921 patients. Utah had 
fewer patients because there were insufficient numbers 
of Medicare patients who had a revascularization proce- 
dure. To increase the sample size from Utah some pa- 
tients were added from 1986. Data were also collected 
from New York, but these were not analyzed for rea- 
sons discussed below. 

The extraction of data from the hospital medical 
record of patients in the second data set was performed 
by coders trained by MediQual to use the MedisGroups 
proprietary method for abstracting the medical record. 
The MedisGroups method has the capacity to obtain 
550 items of important clinical information referred to 
as key clinical findings. The key clinical findings include 
admission symptoms, history, the results of preadmis- 
sion tests documented in the medical record (e.g., angi- 
ography), physical examinations (including vital signs), 
and laboratory and specialized diagnostic tests. Key 
clinical findings are not abstracted from emergency 
room records or data obtained during resuscitation ef- 
forts, and this study only utilized key clinical findings 
collected before the revascularization procedure or on 
the first 2 days of hospitalization if the revascularization 
procedure was delayed >2 days. Only abnormal find- 
ings are recorded by MedisGroups. Therefore no dis- 
tinction could be made between normal findings and 
findings not sought. Only variables that were abnormal 
for at least 1% of either group of revascularization pa- 
tients were included in the analysis. 

In addition to the key clinical findings collected by 
the MedisGroups system, a severity of illness score de- 


rived by MedisGroups algorithms from these findings 
was also available. The algorithms assign each clinical 
finding to a severity group from 0 to 4 that represents 
the potential of organ failure. A score of 1 indicates a 
slight potential for organ failure and a score of 4 indi- 
cates the presence of organ failure. Based on the highest 
severity scores and the number of key clinical findings 
with these scores, the algorithm then assigns the patient 
to an admission severity group from 0 to 4. A detailed 
description of the admission severity group score is pre- 
sented by Brewster et al.’ For the present study we con- 
sidered patients having admission severity group scores 
of 2, 3 or 4 as high risk. 

The MedisGroups information was supplemented by 
information on up to 30 ICD-9-CM diagnostic codes 
and 30 procedure codes. Procedures of particular inter- 
est included aortic valve replacement, and ventricular 
resection as risk factors for the CABG patients. 

The outcome variable used for these patients was 
whether or not the patient had died prior to January 
1987 as determined by data from the Social Security 
Administration. The median follow-up time for the pa- 
tients in this study from the date of admission until this 
date was 551 days (about 18 months), range 260 to 719 
days. 

Patients were classified into the PTCA or CABG 
group on the basis of the ICD-9 procedure codes. Un- 
fortunately, in 1985 and 1986 when these data were re- 
corded, the ICD-9 codes were the same for patients who 
had coronary artery PTCA or coronary artery endarter- 
ectomy. For this reason it was necessary to review the 
medical records of all patients who had both procedures 
coded. This required the participation of the state peer 
review organizations. The New York peer review orga- 
nization did not participate in helping us to obtain the 
information, and therefore, data from all New York pa- 
tients were excluded from the analyses. Data from 1 
hospital in Pennsylvania were also withdrawn from the 
analysis because this hospital did not verify their medi- 
cal records. 

To compare the results of CABG and PTCA, we 
eliminated from the analysis patients who had a cardiac 
arrest or evidence of a myocardial infarction before the 
procedure. Evidence of a myocardial infarction included 
a principal diagnosis of a myocardial infarction, or pre- 
procedure evidence of infarction from electrocardio- 
graphic findings or creatine kinase or creatine kinase- 
MB fraction enzymes. 

The optimal risk adjustment necessary for the analy- 
ses in this study requires information on all cardiovascu- 
lar risk factors as established by the Duke cardiovascu- 
lar data registry*!! and others.!2-!5 These risk factors 
include indicators of cardiac damage and function, cor- 
onary anatomy, severity of the angina, conduction de- 
fects, age, sex and mitral regurgitation. The risk factors 
not available in the MedisGroups data base will only 
affect the comparisons of CABG and PTCA if they are 
more prevalent for patients having one of the proce- 
dures than the other and are not strongly associated - 
with risk factors that are measured. The principal risk 
factor not included in this study that is likely to affect 
the comparisons of the procedures is the presence of left 
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TABLE I Comparison of Study Data* and National Data 
PTCA 


Bypass 


Study 


No. of pts. 

No. of hospitais 
Average age (yrs) 
% aged <65 years 
% women 

% black 


PTCA and bypass—-same 
admission 


Length of stay 

Mean + SD 8.0 + 7.1 
30-day mortality (%) 4.4 
1-year mortality (%) 8.5 


National 


7.8% 7.2 


National 


71,243 
671 
69.4 
11.6 
31.2 
2.5 


14.41 + 9.1 15.4 + 11.0 
3.8 6.5 6.4 
8.2 11.9 11.8 


*The study data are random samples of Medicare patients from 6 states. 
{Based on both bypass and PTCA coded among 30 listed procedures. PTCA was verified by review of the medical record. 
Based on both bypass and PTCA coded among 3 listed procedures. In these data, PTCA could not be distinguished from 


coronary artery endarterectom 


y. 
§p <0.05; |p <0.01; Ip <0.001 for the difference between study data and national data. 


PTCA = percutaneous transluminal coronary angioplasty. 


main coronary artery disease. We used published re- 
ports to determine the potential effect of left main dis- 
ease on the results of this study. 

Statistical analyses: The purpose of the statistical 
analyses was to compare patient survival for the 2 pro- 
cedures after adjusting for differences in patient charac- 
teristics. The analysis was in 4 stages: (1) A univariate 
chi-squared test was used to identify clinical abnormali- 
ties on admission associated at the p <0.10 level with 1- 
year mortality rates for either of the procedures. (2) 
These abnormalities were included in a stepwise Cox 
proportional-hazard regression analysis of the combined 
data set to derive a final regression equation for predict- 
ing mortality. (3) An indicator variable for procedure 
was added to this equation to determine if the mortality 
rate differed between the 2 revascularization procedures 
after adjusting for patient characteristics. Indicator 
variables were also added to determine if there was an 
interaction effect between CABG and any patient char- 
acteristic. (4) Patient survival before 60 days was com- 
pared for the 2 procedures by censoring all subjects at 
60 days. To compare survival after 60 days, we elimi- 
nated subjects who died before 60 days. 


RESULTS 

Table I lists characteristics of all the PTCA and by- 
pass patients in each of the data sets: (1) the sample of 
Medicare patients with MedisGroups clinical informa- 
tion; and (2) all Medicare patients in the United States. 
Both the demographic characteristics and the results of 
surgery were similar for the groups, suggesting that pa- 
tients in the sample appear to be representative of all 
Medicare patients in the United States. 

The remainder of the analyses was performed only 
on the MedisGroups data after excluding patients who 
had a cardiac arrest or evidence of a myocardial infarc- 
tion before the procedure. We could not compare the 
national data with our data set for patients who did not 
have a myocardial infarction because the method for 








identifying patients with myocardial infarction for elim- 
ination could not be applied to the national data. 

Figure 1 shows the survival curve for patients with 
PTCA to be significantly higher than the curve for pa- 
tients with CABG (p <0.01 using the log rank test). 
The 30-day and 1-year mortality rates were 1.9 and. 
6.0% for the 632 PTCA patients and 5.1 and 10.8% for 
the 1,730 CABG patients (p <0.01 for both time peri- 
ods). For the 60 PTCA patients who underwent CABG, 
the 30-day and 1-year mortality rates were 8.3 and 
10.0%. Mortality in 9.5% of the PTCA patients who 
had CABG accounted for 41.7% of the 30-day mortali- 
ty and 15.8% of the 1-year mortality of the PTCA pa- 
tients. 

The frequencies of the principal findings and the 
clinical differences between the patients in the 2 revas- 
cularization groups are listed in Table II. Factors signif- 


PROPORTION SURVIVING 


400 


NUMBER OF DAYS 


FIGURE 1. Survival curves for patients who had percutaneous 
transluminal coronary angioplasty (PTCA) and coronary ar- 
tery bypass grafting (CABG). 
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icantly related to choice of procedure in a multivariate 
logistic regression analysis are indicated. In general 
CABG patients were at higher risk than PTCA pa- 
tients. This is shown overall by the odds of 2.4 of a 
CABG patient having a high risk MedisGroups severity 
score than a PTCA patient. In addition CABG patients 
were more likely to have evidence of congestive heart 
failure (by x-ray, by S; gallop and by history), a history 
of myocardial infarction, and evidence of cardiac im- 
pairment as defined in the Methods section. Patients 
were more likely to have PTCA if they had only 1-ves- 
sel disease, had a previous revascularization procedure, 
were women, or had an elevated partial thromboplastin 
time indicating treatment with heparin for unstable an- 
gina. 
The results in Table I{ suggest that CABG patients 
may have had higher mortality rates than PTCA pa- 





tients partly because they were at greater risk of mortal- 
ity before the procedure. Figure 2 shows survival curves 
for subjects divided into high- and low-risk groups as 
defined by the admission severity group score. The high- 
risk subjects had a much higher mortality rate than the 
low risk subjects. The 1-year mortality rate was 19.8% 
for the 76 high-risk PTCA patients and 17.0% for the 
430 high-risk CABG patients. In the low-risk patients, 
the l-year mortality was 4.2% for 556 PTCA patients 
and 8.7% for 1,300 CABG patients. There was no sig- 
nificant difference between the revascularization groups 
for the high-risk patients, but among the low-risk pa- 
tients the PTCA patients had a significantly higher sur- 
vival rate, p <0.001. 

A second method to adjust for differences in baseline 
risk between the 2 groups of patients was to use the Cox 
proportional-hazards model. The results of these analy- 


TABLE II Percentage of Patients Who Have a Given Finding 


PTCA 


Finding (n = 632) 


General 
High riskf 
Female gender 
Age > 70 years 
Cardiac 
Cardiac impairment 
CHF on chest x-ray 
S3 gallog 
History of CHF 
CAD in 1 vessel§ 
CAD in 2 vessels§ 
CAD in 3 or 4 vessels§ 
Atrial fibrillation 
Ventricular premature complexes 
Murmur 
History of MI 
Pulse > 109 
Ventricular aneurysm 
MI age urdetermined 
History of CABG 
History of PTCA 
Graft failure 
Cardiopulmonary 
Respiraticns > 20 
Wheezing 
History of COPD 
History of cigarette smoking 
History of SOB 
Infiltrate 
PO2 <75 
Metabolic 
Renal impairment 
Sodium <130 mEq/liter 
Diabetes mellitus l 
pH >7.45 
pH <7.35 
Other 
Banks > 10% 
Temperature > 38.3°C 
Hematocrit <30 
History of stroke/TIA 


(n = 1730) 


Bypass 
Surgery Relative 


Odds* 


Chi-Square p 
Value Value 


*Relative odds for CABG peime to have the finding compared with PTCA patients. Values < 1 indicate that CABG patients 


were less likely to have the tinding than PTCA patlents. 


tHaving a MedisGroups admission severity group score of 2 to 4. 

Significant in multiple logistic analysis for predicting revascularization procedure. 

§Based on 446 PTCA patients and 1,098 bypass surgery patients with a catheterization report in the hospital record. 
CABG = cororary artery bypass grafting; CAD = coronary artery disease; CHF = congestive heart fa lure; COPD = chronic 


obstructive pulmonary disease; 


MI = myocardial infarction; PO2 = oxygen partial pressure; PTCA = percutaneous 


transluminal coronary angioplasty; SOB = shortness of breath; TIA = transient ischemic attack. 
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ses are presented in Table III for all patients combined 
and for patients divided into 2 risk groups on the basis 
of the MedisGroups severity score. There were 13 find- 
ings that were significantly associated with mortality for 
all patients combined. Because the high- and low-risk 
groups are smaller and more homogeneous, there were 
fewer significant risk factors in each of the severity 
groups than overall. Three of the risk factors for the 
low-risk patient were not direct measurements of physi- 
ologic status: age, previous CABG and number of dis- 
eased vessels. The risk factors for the high-risk group of 
patients were cardiac, renal or pulmonary impairment. 
All of these risk factors may have a cardiac basis. 
The Cox model, as previously defined, was used to 
compare the mortality risk for the 2 revascularization 
procedures according to risk group and during 3 time 
intervals (the entire course of the study, the first 60 
days and after 60 days). The results of these analyses 
are presented in Table IV. CABG patients had a higher 
mortality than PTCA patients after adjusting for the 
covariates. The relative risk, R, of mortality for CABG 
compared with PTCA patients was 1.72 (p = 0.001). 
The relative risk was much higher for the low-risk pa- 
tients (R = 2.15, p = 0.0003), primarily because of the 
high relative risk for CABG during the first 60 days 
(R = 3.8, p = 0.0004). There was no significant differ- 
ence in the mortality rates for the high-risk patients. 
However, the mortality rate for the CABG patients was 





lower than for the PTCA patients, because the CABG 
patients had a lower long-term mortality (R = 0.67, 
p = 0.26). The relatively better results for the PTCA 
patients among the low-risk than the high-risk patients 
was statistically significant (p = 0.01 for interaction). 


LOW RISK PTCA 


. LOW RISK CABG 


HIGH RISK CABG 
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FIGURE 2. Survival curves for high- and low-risk patients 
who had percutaneous transluminal 
(PTCA) and coronary artery bypass grafting (CABG). 


TABLE Ill List of Regression Coefficients, Relative Risks and 95% Confidence Intervals for 
All Variables Significant in a Cox Proportional-Hazards Regression 


Regression 


Finding Coefficient 


95% Confidence 
Interval 


Relative 
Risk 


Upper 
Bound 


All Patients (n = 2,362) 


Age > 80 years 
Fever 

History of CHF 

Renal impairment 
Bands > 10% 
Cardiac impairment 
Wheezing 

Atrial fibrillation 
Ventricular aneurysm 


History of CABG 
Diabetes mellitus 


Low-Risk Patients* (n = 1,856) 


Ventricular aneurysm 
Age > 80 years 

Age > 70 years 
Atrial fibrillation 
History of COPD 
History of CABG 


High-Risk Patientst (n = 506) 


History of CHF 
Renal impairment 
Cardiac impairment 
Wheezing 


*Low risk is defined as admission severity group score O or 1. 


THigh risk is admission severity group score 2 to 4. 
tp <0.01; §p <0.0001. 
Abbreviations as in Table Il. 





MORTALITY AFTER PTCA AND CABG 183 


TABLE [V_ Relative Risk of Mortality for CABG Patients Compared with PTCA Patients After 


Adjusting for Initial Clinical Status 


All Patients 
{n = 2,362) 


Time p 
Interval 


Entire study 1.72 
0 to 60 days 2.75 


After 60 days 1.22 
*Admission severity group score O or 1. 


TAdmission severity group score 2 to 4 
R = relative risk; other abbreviations as in Table II. 


0.0004 
0.35 


One important omitted risk factor that is likely to be 
~ much more prevalent in the CABG than PTCA patients 
is left main coronary artery stenosis. To estimate the 
effect of the left main disease on the mortality rate, we 
used the data from elderly patients in the Coronary Ar- 
tery Surgery Study. For that study the percentage of 
subjects with left main disease was 13% and the relative 
risk of perioperative mortality for these subjects was 
2.6. Making the conservative assumption that no PTCA 
patients had left main disease and that left main disease 
was unrelated to any of the patient characteristics mea- 
sured in this study, the presence of left main disease 
alone would account for a relative risk of (0.13) (2.6) + 
(0.87) (1.00) = 1.2. Thus the higher percentage of left 
main disease in the CABG patients probably contrib- 
utes to the higher mortality rates for the CABG pa- 
tients, but it does not account for a relative risk as large 
as the 2.15 found for the low-risk CABG patients. On 
the other hand, it is possible that the relative risk of 0.90 
for CABG among the high-risk patients would be lower 
and statistically significant after adjusting for left main 
disease. 


DISCUSSION 

There were 4 principal findings from this study: 

1. For the PTCA patients the postprocedure mortali- 
ty rate and the rate of CABG during the same stay 
.were higher in this study than that reported for PTCA 
patients treated at academic centers. In 1985, there 
may have been substantial differences between efficacy 
(technology performance in an ideal setting) and effec- 
tiveness (performance in the overall population). In con- 
trast, the mortality risk of patients undergoing CABG 
was similar to that reported nationally. 

2. CABG patients were at higher mortality risk be- 
fore the procedure than PTCA patients. This suggests 
that the procedures were not considered as equivalent 
alternatives. 

3. After adjusting for initial patient risk, CABG pa- 
tients had a higher risk of mortality during the perioper- 
ative and recovery period. Some portion of the differ- 
ence may be related to the presence of left main disease 
that was not recorded in this study. 

4. The relative risk of CABG compared with PTCA 
was affected by the initial patient risk at the time of the 
procedure. For low-risk patients the mortality rates 
were significantly lower with PTCA. For high-risk pa- 


Low-Risk Patients* 


Dead 
Value (n) 


0.001 161 





High-Risk PatientsT 


(n = 1,856) (n = 506) 


205 
3.39 
1.50 


0.0003 
0.0004 
0.13 


tients the mortality rates were lower for CABG, but the 
difference was not statistically significant. 

The relation between initial patient risk and the effi- 
cacy of surgery is plausible. Low-risk patients should 
have good survival regardless of treatment, and the 
complications of CABG will account for a high percent- 
age of the mortality of low-risk patients. However, high- 
risk patients, particularly those with a low ejection frac- 
tion, benefit more from CABG than other patients,”!!)!4 
and after the perioperative and recovery periods, it is 
possible that CABG patients would survive better in the 
long term than PTCA patients. Although information 
on ejection fraction was not available in this study, a 
high Medisgroup severity score in our data set may re- 
sult from patient findings that are a consequence of im- 
paired left ventricular function, e.g., congestive heart 
failure, impairment of renal or pulmonary function. Our 
data are inadequate, however, to determine whether a 
particular finding is secondary to cardiac function. 

It is important that the results of this study be 
placed in an appropriate methodologic perspective. 
More definitive comparisons of the efficacy of the 2 
procedures must await the results of clinical trials.!¢ 
The trial results alone, however, will be insufficient for 
guiding treatment decisions because the trials are usual- 
ly conducted in selected centers and in highly selected 
patients. The Coronary Artery Surgery Study, e.g., ex- 
cluded from randomization for various reasons >90% of 
patients undergoing catheterization for suspected coro- 
nary artery disease recorded in the Coronary Artery 
Surgery Study registry.!’ Although the data from the 
present study have limitations, they also have advan- 
tages over many observational data sets: (1) They come 
from community hospitals in several areas of the coun- 
try. (2) There is extensive clinical information available 
on each patient. (3) They were collected in the same 
manner for PTCA and CABG patients. Therefore the 
results of this study should be a good estimate of the 
effectiveness of the procedures as performed generally. 

The efficacy of PTCA in published reports appears 
to differ from the effectiveness observed in this series. 
The in-hospital mortality rate after PTCA has been re- 
ported to be from 0.1 to 1.2%, and the rate of CABG 
after PTCA has been reported to be from 1.8 to 
7.0%.'8-25 Although higher rates have been reported in 
an earlier review of the literature,” in general both the 
mortality rate and the CABG rate in this study appear 
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to be higher than in others. Our results suggest that the 
patients, the providers, or both differ between reporting 
academic centers and representative providers. Diffu- 
sion of the technology from academic centers into the 
community may still have been occurring in 1986. 

In contrast, the 30-day mortality rate for CABG pa- 
tients of 6.4% among all Medicare patients in the USA 
was similar to the perioperative mortality rates of 5.2! 
and 7%’ presented in the literature for elderly patients. 
This suggests that the patients and providers in the liter- 
ature for CABG are more representative of the national 
experience than the patients and providers for angio- 
plasty. 

We recognize that the results from this study are not 
definitive. Patients were not randomized to treatment, 
the types of patients clearly differ between the 2 proce- 
dures, and efforts at risk adjustment were compromised 
by imperfect information on risk factors. However, 
there is substantial clinical information in this data 
base, and the random selection of patients on a national 
scale has advantages over many studies of technology 
assessment. The results from this study suggest some 
potential advantages and disadvantages of using rou- 
tinely available information on large representative pop- 
ulations and highlight the complementary nature of re- 
search from multiple sources. 


Acknowledgment: We appreciate the computing as- 
sistance of Kenneth Goldberg. 
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Cardiac Response to Combined Moderate 
. Heat and Exercise in Men with _ 
| Coronary Artery Disease — 


Lois M. Sheldahl, PhD, Nancy A Wilke, BA, Sara 'a Dougherty, MS, and Felix E. Tristani, MD 


The effect of moderate heat stress on cardiac per- 


formance during sustained moderate physical 
work was evaluated in men >6 weeks after a car- 
diac event. Subjects (n = 10) performed upright 
leg cycle ergometer exercisè at approximately 
50% of peak oxygen uptake for up to 60 minutes 
in warm (30.0 + 0.9°C) and thermoneutral (21.5 
+ 0.3°C) environments. Cardiac output (carbon di- 
oxide rebreathing method), left ventricular ejec- _ 


tion fraction and relative left ventricular end-dia- _ 


stolic volume (portable nuclear VEST monitor) 
- ‘were periodically determined. In both environ- 


ments, heart rate increased (p <0.05), stroke vol- 


ume decreased (p <0.05), and: cardiac output re- 
mained unchanged with exercise time. In the 
warmer environment, heart rate was increased (p 
<0.05) and stroke volume tended to be decreased 
(p <0.08), with no difference in cardiac output. In 
both environments, left ventricular ejection frac-. 
tion did not change from minute 6 to 60 of exer- 
cise, whereas relative left ventricular end-diastolic 
volume decreased (p <0.05) with exercise time. 
Arterial blood pressure was unchanged from min- 
ute 6 to 60 in the warm environment. Arrhythmias 
were not altered by exercise time or environment, 


and no subjects had evidence of myocardial isch- | 


emia. The data indicate that although heart rate 
increased and stroke volume and relative left ven- 
tricular end-diastolic volume decreased with exer- 
cise time, cardiac output and left ventricular ejec- 
tion fraction remained unchanged in both ther- 
moneutral and warm environments. The results 
suggest that there is preserved cardiac function in 
men with uncomplicated coronary artery disease 
when performing sustained moderate work in 
combination with moderate heat stress. 


(Am J Cardiol 1992;70:186-191) | 


diovascular system during exercise owing to in- 
m.creased thermoregulatory blood flow require- 
ments. The effect of heat stress on cardiac function de- 
pends on exercise intensity and duration, magnitude of 


] J eat stress can increase the demands on the car- 


heat stress, hydration level, acclimation state and exer- 


cise capacity.'~3 Little is known regarding the effect of 
heat stress on cardiac function during exercise in sub- 
jects with coronary artery disease. Reduced cardiac re- 
serve and maximal oxygen: uptake in these subjects 
could limit the ability to achieve combined thermoregu- © 
latory and metabolic blood flow demands.* Fluid and = 
electrolyte reductions together with a possible augment- 
ed sympathetic nervous activation state!-356 could 
also increase the incidence of arrhythmias. The present 

study evaluates the influence of heat stress on cardiac 
function during sustained moderate exercise in men 
with known coronary artery disease. A moderate rather 
than a high heat load was selected to promote safety 
and still provide information on work conditions more 
likely to be encountered by cardiac patients with occu- 
pational, home or leisure activities. 


METHODS 
Subjects: Ten asymptomatic men (average age 60 + 


. 2 years, average weight 86.0 + 5.4 kg) who had a myo- 


cardial infarction (8 inferior and 1 non-Q-wave), coro- 
nary artery bypass surgery (n = 4) or percutaneous an- | 


‘‘gioplasty (n = 1), or a combination, =6 weeks before 


the study were examined. All subjects were at low to 
moderate risk. Medications included 8-blockers (n = 3), 
calcium antagonists (n = 3), digitalis (n = 1), diuretics 
(n = 1) and nitrates (n = 1). All subjects were partici- - 


“pating in an exercise program. The study was conducted 


from July through September 1990. Subjects agreed to 
the protocol approved by the Institutional Human Re- | 
search Review Committee. 

Preliminary session: All subjects initially performed 
a treadmill exercise test using a modified Balke pro- 
tocol.’ Any subject unable to exercise to fatigue or 


| ‘achieve 25 METs was excluded. A 12-lead electrocar- 


diogram was periodically recorded. Oxygen uptake was 


measured by. open-circuit spirometry. 
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Experimental session: At least 3 days after the 


, treadmill exercise test, subjects reported for, placement 
From the VA Medical Center and Medical .College of Wisconsin, 


of an ambulatory ventricular function monitor (VEST, 
Capintec, Inc.). The VEST radiation detector was cen- 
tered over the left ventricular blood pool with the aid of 
a gamma scintillation camera. A second detector was 
placed over the right lung to monitor background radio- 


` nuclide activity. Before placement of the VEST, red 
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blood cells were labeled in vivo with 25 to 30 mCi of 
technetium-99m, and left ventricular ejection fraction 
was determined at rest (seated position) in the left ante- 
rior oblique view using multigated acquisition imaging 
procedures. A red marker was placed at the top edge of 
the VEST garment on the subject’s chest to enable eval- 
uation of possible movement of the garment during the 
experimental sessions. 

Baseline VEST measurements were obtained with 
the subject in the seated posture. The subject then un- 
derwent 2 leg cycle ergometer tests separated by ap- 
proximately 3 hours; 1 study was performed in a ther- 
moneutral (21.5 + 0.3°C) laboratory and the other 
outdoors in a warm (30.0 + 0.9°C) environment. Hu- 
midity averaged 53 + 1% indoors and 47 + 2% out- 
doors. The order of testing was rotated so that the same 
number of subjects was tested first in each environment. 
The subject wore shorts and a T-shirt. 

The procedures for the exercise tests in the 2 envi- 
ronments were the same. The subject sat on a leg cycle 
ergometer for 10 minutes and then exercised for up to 
60 minutes at a work load estimated to need approxi- 
mately 50% of peak oxygen uptake. Work load (W) was 
the same in both environments. Measurements obtained 
at rest and during exercise at minutes 6, 20, 40 and 60 
_ included oxygen uptake by open-circuit spirometry (me- 
teorologic balloon used to collect expired air), heart rate 
by telemetry, cardiac output by the carbon dioxide re- 
breathing procedure,® rating of perceived effort accord- 
ing to the Borg 6- to 20-point scale,’ and blood pres- 
sure by mercury sphygmomanometer. The electrocar- 
diogram was monitored for 9 minutes after exercise. 
Sweat was wiped off the subject’s face and extremities, 
and body weight was reassessed before drinking water. 
The change in weight with each exercise session was 
used to estimate sweat loss, although sweat loss from 
the trunk region was not accounted for because the 
clothing (T-shirt and shorts) underneath the VEST gar- 
ment was not removed. Between the 2 tests, the subject 
rested in the upright position. Fluid intake was encour- 
aged, and the subject was instructed to eat lunch 22 
hours before the second test. At the end of the second 
test, the subject returned to the nuclear testing laborato- 
ry. The positioning of the VEST detector mount was 
checked visually, as well as with the gamma scintillation 
camera. 

VEST data analysis: The VEST-recorded tape was 
analyzed at 30-second intervals for left ventricular ejec- 
tion fraction and relative left ventricular end-diastolic 
and end-systolic volumes by an independent, experi- 
enced technician. In the determination of relative left 
ventricular volumes, end-diastolic volume at the begin- 
ning of the tape in the seated position in the nuclear 
laboratory was designated as 100%, and all other end- 
diastolic and end-systolic volumes were calculated rela- 
tive to this volume. Incidence of arrhythmias and elec- 
trocardiographic ST-segment changes were also eval- 
uated from the VEST tape. Before each tape was ana- 
‘lyzed, the technical adequacy of the data was assessed 
in a 3-step process as follows: (1) comparison of static 
gamma camera images obtained before and after com- 
pletion of the study to assess possible changes in VEST 





TABLE I Initial Adjustments to Exercise 


Exercise 


Parameter Environment (min 6) 


Thermoneutrat 
Warm 
Thermoneutral 


Heart rate 
(beats/min) 

Stroke volume 
{mi/beat) Warm 

LV ejection fraction Thermoneutral 
(%) Warm 

LV end-diastolic Thermoneutral 
volume (%) Warm 

LV end-systolic Thermoneutral 
volume (%) Warm 

Systolic pressure Thermoneutral 
(mm Hg) Warm 

*p <0.05 versus rest. 


Values are mean + SE (n = 10). 
LV = jeft ventricular. 





detector positioning, (2) evaluation of trend plots of left 
ventricular and background counts over time for any 
abrupt change suggestive of detector movement, and 
(3) evaluation of individual time-activity curves. Other 
studies!-!6 showed that left ventricular ejection fraction 
data obtained from the VEST at rest or with dynamic 
exercise, or both, is accurate compared with gamma 
camera data, and is highly reproducible and consistent 
with known responses in cardiac patients. 

Statistical analysis: Analysis of variance with re- 
peated measures was used to evaluate the effect of exer- 
cise time (6 to 60 minutes) within each environment 
and that of environmental temperature (thermoneutral 
and warm) at minutes 20 through 60. In evaluating the 
latter effect, 3 subjects prescribed 8 blockers were ex- 
cluded owing to different elapsed periods of time be- 
tween receiving this medication and the beginning of 
the exercise session in the 2 environments. This was 
done because the depressive effect on heart rate (and 
presumably other parameters of cardiac function) could 
vary with time after ingestion of 8 blockers.!’ Differ- 
ences between means were assessed with Fisher’s pro- 
tected least significant difference test. Paired £ tests 
were used to compare responses from rest to minute 6 of 
exercise in each environment and between rest data in 
the 2 environments. Significance levels were tested at 
the 0.05 level. All values are reported as mean + SE. 


RESULTS 

Preliminary treadmill test: Peak oxygen uptake, 
heart rate, systolic pressure, respiratory exchange ratio 
and rating of perceived effort in the 10 subjects aver- 
aged 25.6 + 0.9 ml/kg/min, 140 + 6 beats/min, 199 + 
9 mm Hg, 1.14 + 0.03 and 18 + 0, respectively. Peak 
METs ranged from 5.8 to 8.6. No subject had an isch- 
emic response based on electrocardiographic Dea 
ment analysis or symptoms. 

initial adjustments to exercise in two Saviccnmentss 
Table I lists responses at rest and at minute 6 of exer- 
cise. No significant differences existed between the 2 
environments at rest. Heart rate, stroke volume, cardiac 
output, end-diastolic volume and systolic pressure in- 
creased (p <0.05) with exercise at minute 6 in both 
environments, and end-systolic volume decreased (p 
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<0.05) with the onset of exercise. Left ventricular ejec- 
tion fraction increased (p <0.05) at minute 6 in the 
warm environment, but the increase did not attain sig- 
nificance by minute 6 in the thermoneutral condition. 
Tolerance to moderate exercise in heat stress: One 
subject stopped the exercise test at 40 minutes in the 
warm environment and indicated before the test in the 
thermoneutral environment that he did not want to ex- 
ercise >40 minutes. All other subjects completed 60 
minutes of exercise in the 2 environments. Oxygen up- 
take during exercise at minutes 6, 20, 40 and 60 aver- 
aged 12.2 + 0.7, 12.8 + 0.8, 12.9 + 0.6 and 12.7 £ 0.7 
ml/kg/min, respectively, in the thermoneutral environ- 
ment, and 12.3 + 0.8, 12.9 + 0.7, 13.0 + 0.5 and 12.8 
+ 0.8 ml/kg/min, respectively, in the warm environ- 
ment. No differences were observed in oxygen uptake 
with exercise time or environment. Rating of perceived 
effort increased (p <0.05) progressively with exercise 
' time in both environments, but did not differ between 
the 2 environments. The ratings determined at 6, 20, 40 
and 60 minutes averaged 10 + 1, 11 + 1, 12+ 1 and 13 
+ 1, respectively, in the thermoneutral condition, and 9 
+1,11 +1,12 +1 and 13 + 1, respectively, with heat 
stress. | 
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FIGURE 1. Heart rate, stroke volume and cardiac output dur- 
ing 60 minutes of exercise in warm and thermoneutral envi- 
ronments (n = 10). *p <0.05 vs minute 6;. * p <0.05 vs min- 
ute 20. 


Cardiac response to exercise in heat stress: Heart 
rate, stroke volume and cardiac output during exercise 
in the 2 environments are shown in Figure 1 (all sub- 
jects) and Table II (subjects not prescribed 6 blockers). 
With exercise time in both environments, heart rate in- 
creased (p <0.05), stroke volume decreased (p <0.05), 
and cardiac output did not change. Heart rate was in- 
creased (p <0.05) at minute 20 compared with minute 
6 in both environments. In the warm environment, a 
further increase (p <0.05) was observed at minute 40 
compared with minute 20. At minutes 40 and 60, heart 
rate was higher (p <0.05) in the warm than in the ther- 
moneutral environment (Table IT). 

Exercise stroke volume decreased (p <0.05) at min- 
ute 40 compared with minute 6, as well as at minute 60 
compared with minute 20 in the warm environment 
(Figure 1). In the thermoneutral condition, stroke vol- 
ume was decreased (p <0.05) at minute 60 compared 
with minute 6. Between the 2 environments, stroke vol- 
ume tended (p <0.08) to be lower with heat stress than 
in the thermoneutral environment. Cardiac output did 
not differ between environments. 

Left ventricular ejection fraction and relative end- 
diastolic and end-systolic volumes are shown in Figure 2 
and Table II. Ejection fraction did not change during 
exercise from minute 6 to 60 in each environment. In 
comparing the response between the 2 environments, 
left ventricular ejection fractions were similar (Table 
II). 

Relative left ventricular end-diastolic volumes de- 
creased (p <0.05) with exercise time in both environ- 
ments (Figure 2). The initial decrease occurred at min- 
utes 20 and 40 in the warm and thermoneutral environ- 
ments, respectively. A further decrease (p <0.05) was 
observed from minute 20 to 60 in the thermoneutral 
condition. Relative end-diastolic volume tended to be 
decreased (p <0.06) in the warm environment (Table 
Il). 

Left ventricular end-systolic volume decreased (p 
<0.05) at minute 20 with exercise time in the thermo- 
neutral condition, with no further significant change 
with exercise up to 60 minutes (Figure 2). In the warm 
environment, no significant change was observed from 
minute 6 through 60. Relative left ventricular end-sys- 
tolic volumes tended to be decreased (p <0.09) in the 
warm environment (Table II). 

Systolic pressure determined at minutes 6, 20, 40 
and 60 of exercise, averaged 178 + 12,174410,175 + 
11 and 169 + 11 mm Hg, respectively, in the thermo- 
neutral condition, and 168 + 9, 159 + 11, 168 + 13 and 
164 + 12 mm Hg, respectively, in the warm environ- 
ment. The only changes (p <0.05) observed with work 
time were between minutes 60 and 6 in the thermoneu- 
tral environment and between minutes 20 and 6 with 
heat stress. Systolic pressure was decreased (p <0.05) 
only at minute 20 in the warm environment compared 
with in thermoneutral conditions. 

Diastolic pressure during exercise at minutes 6, 20, 
40 and 60 averaged 86 + 4, 83 + 4,84 + 4 and 82 +4 
mm Hg, respectively, in the thermoneutral environ- 
ment, and 82 + 4, 79 + 3, 80 + 3 and 77 + 2 mm Hg, 
respectively, in the warm condition. In both conditions; 
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Parameter 


Heart rate (beats/min) 


Stroke volume (ml/beat) 


LV ejection fraction (%) 


LV end-diastolic volume (%) 
LV end-systolic volume (%} 
Systolic pressure (mm Hg) 


Diastolic pressure (mm Hg) 


Environment 


Thermoneutral 
Warm 
Thermoneutral 
Warm 
Thermoneutral 
Warm 
Thermoneutral 
Warm 
Therrnoneutral 
Warm 
Thermoneutral 
Warm 
Thermoneutra! 
Warm 


Minute 6 


9443 
96 + 3 
89 + 14 
81+9 
50 + 4 
50 +7 
100 + 4 
89 +4 
54 +8 
4344 
181 + 14 
170 + 12 
86+ 5 
8125 


Minute 20 


103 + 4 
106 + 4 
80 + 12 
79 +7 
52+ 4 
52 +6 
97 +5 
86+ 4 
50+ 9 
4025 
176+ 13 


1634-13" 


82 +5 
B8Bi+4 


Minute 40 


.106 +5 


115 + 4* 
82 + 10 
7l+7 
50 + 3 
50+ 6 
96+ 4 
84+ 3 
50+ 8 
41 +4 
179 +15 
172 + 16 
84+ 6 
8144 


Minute 60 p Value 


112 +5 
120 + 5* 
78+8 
69 +8 
5244 
53 +6 
94+4 
8342 
47 +7 
3924 
172+ 14 
167 + 14 
82 +5 
77 +3 


*5 < 0.05 versus thermoneutrai. 
Values are mean + SE {n = 7}. 
LV = left ventricular. 


diastolic pressure was decreased (p <0.05) at 60 min- 
utes compared with 6 minutes. Between environments, 
no significant difference was observed for diastolic pres- 
sure. 

_ No subject had frequent or complex ventricular ar- 
rhythmias during exercise in either environment. Occa- 
sional (3 to 6/min) ventricular arrhythmias were ob- 
served in 2 subjects in the thermoneutral and 1 in the 
heat exercise periods. Except for 1 subject who had fre- 
quent arrhythmias during minute 7 of recovery in the 
thermoneutral environment, arrhythmia rate was not in- 
creased in the immediate recovery period. No subject 
reported anginal symptoms or had electrocardiographic 
evidence of myocardial ischemia. Body weight reduc- 
tion averaged 0.4 kg in the thermoneutral environment 
(n = 6) and 0.5 kg in the warm environment (n = 7). 


DISCUSSION 

Subjects with coronary artery disease had an in- 
crease in heart rate, a decrease in stroke volume, and 
maintenance of cardiac output during sustained mod- 
erate exercise combined with moderate heat stress. 
These directional responses as well as the magnitude of 
changes are consistent with those reported in normal 
subjects under similar temperature and exercise condi- 
tions. 18.19 

Most evidence indicates that the increase in heart 
rate with sustained moderate work in both thermoneu- 
tral and warm conditions is a compensatory response to 
maintain cardiac output with a decreasing stroke vol- 
ume; the latter is generally attributed to decreased car- 
diac preload associated with increased cutaneous blood 
volume, vascular fluid filtration and body water reduc- 
tion.!-? Central blood volume and venous pressure have 
been shown to decrease during exercise in norma] sub- 
jects with exposure to heat stress,'-32° although the ef- 
fect on left ventricular volume during exercise has not 
(to our knowledge) been evaluated. In the present study, 
men with coronary artery disease demonstrated a signif- 
icant reduction in relative left ventricular end-diastolic 
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FIGURE 2. Left ventricular (LV) ejection fraction and relative 
end-diastolic and end-systolic vohimes during 60 minutes of 
exercise in warm and thermoneutral environments (n = 10). 
*p <0.05 vs minute 6; * p <0.05 vs minute 20. 


EXERCISE AND HEAT STRESS 189 


volume in both the warm and thermoneutral environ- 
ments. 

Although less accepted, another hypothesis postu- 
lated to account for the decrease in stroke volume with 
exercise time in a warm environment is reduced myo- 
cardial function.!3 Based on left ventricular ejection 
fraction, myocardial function did not appear to deterio- 
rate with exercise time in men with coronary artery dis- 
ease. Mean ejection fraction remained unchanged from 
minute 6 to 60 in the warm environment, and no subject 
(even those [n = 3] with a resting left ventricular ejec- 
tion fraction <40%) had a decrease in ejection fraction 
less than resting levels at minute 60 of exercise in the 
warm environment (Figure 3). Thus, despite significant 
alterations in stroke volume, heart rate and left ventric- 
ular end-diastolic volumes with exercise time, ejection 
fraction was preserved during moderate exercise com- 
bined with moderate heat stress. Compared with at rest, 
mean ejection: fraction increased 28% at minute 20 in 
both environments. This magnitude of increase is gener- 
ally considered a normal response and suggests the ab- 
sence of ischemia. The unchanged systolic pressure at 
minute 60 compared with minute 6 in the warm envi- 
ronment further indicates that the cardiac output re- 
sponse was adequate to maintain peripheral perfusion 
pressure. l 

It is possible that heat stress could increase arrhyth- 
mogenesis through electrolyte changes, or increased 
myocardial oxygen requirements or sympathetic ner- 
vous activation, or a combination. Subjects in the pres- 
ent study did not have a greater incidence of arrhyth- 
mias with work time or heat stress. Although decreased 
venous return and increased circulating catecholamines 
. in the immediate recovery period could theoretically 
provoke an increase in the incidence of arrhythmias in 
the warm environment, this was not observed. 

Study limitations: One limitation of the study was 
that core temperature was not measured. In normal 
subjects, other studies showed that core temperature 
during 1 hour of moderate exercise is independent of air 
temperature between the range of 5 and 30°C.?!-22 The 
mean temperature in the warm environment was 30°C, 
suggesting that the increase in core temperature proba- 
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bly did not differ substantially between the 2 environ- 


_ments. Further support for an appropriate core tem- 


perature was the ability of subjects to maintain systolic 
pressure from 6 to 60 minutes. Rowell? reported that 
mean arterial pressure decreased when core tempera- 
ture was >39°C. . 

The 2 exercise sessions were scheduled on the same 
day owing to the use of a radioisotope. Thus, patients 
were tested at a different time of day in the 2 environ- 
ments. An equal number were tested first in each envi- 
ronment, and subjects prescribed 8 blockers were ex- 
cluded from the statistical analysis of the environmental 
factor owing to the drug’s potential variable impact on 
heart rate and other indexes of cardiac function in rela- 
tion to the elapsed time between receiving the medica- 
tion and performing exercise. With regard to applica- 
tion to the occupational setting, the work intensity 
selected only slightly exceeded the average 8-hour inten- 
sity level (i.e., 40% of peak oxygen uptake) frequently 
cited as appropriate.” Thus, the conditions of this study 
(in which subjects performed 1 hour of work at 50% of 
peak oxygen uptake in the morning and 1 hour in the - 
afternoon) are within this guideline and could be found 
in the occupational work setting. 

Clinical implications: The maintenance of cardiac 
output, left ventricular ejection fraction and systolic 
pressure during sustained work in the warm environ- 
ment suggests that cardiac function did not deteriorate 
during sustained moderate exercise combined with mod- 
erate heat stress in stable patients with coronary artery 
disease who have relatively good functional exercise tol- 
erance. 

The progressive increase in heart rate over exercise 
time suggests that clinicians may advise patients to use 
heart rate to assess the magnitude of cardiovascular 
drift occurring during sustained work with heat stress. 
Although it appears logical to predict that an upright 
drift in heart rate would increase myocardial oxygen re- 
quirements, the effect of this drift on myocardial isch- | 
emic thresholds remains unknown. A decrease in left 
ventricular end-diastolic volume with exercise time, to- 
gether with some tendency for systolic pressure to be 
decreased in the warm environment, may decrease left 
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FIGURE 3. Individual left ventricular (LV) ejection fraction responses at rest and end of exercise in thermoneutral and warm en- 
vironments 
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ventricular wall tension or afterload, or both, and there- 
by offset some of the increase in myocardial oxygen re- 
quirements expected from the increased heart rate. 

Perceived effort increased over time, indicating that 
it may be used by workers to adjust work rates during 
sustained work. However, rating of perceived effort did 
not reflect the differences between the warm and ther- 
moneutral environments, suggesting that heart rate pro- 
vides a more sensitive marker of increased thermoregu- 
latory cardiovascular demands. 


Acknowledgment: We gratefully acknowledge the 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Mechanisms and Dynamics of Episodes of 
Progression of 2:1 Atrioventricular Block in 
Patients with Documented Two-Level 

_ Conduction Disturbances 
Agustin Castellanos, MD, Marilyn M. Cox, MD, Pedro R. Fernandez, MD, 


Alberto Interian, Jr., MD, Manuel Mayor, MD, Tomas Ravina, MD, 
and Robert J. Myerburg, MD 


Twenty episodes of progression of 2:1 atrioven- 


tricular (AV) block were identified during incre- 
mental atrial stimulation in 7 patients with docu- 
mented (2-level) block in the AV node and His-Pur- 


_ kinje system. All occurred at cycle lengths shorter 


than those at which stable 2:1 HV block had been 
detected. Thirteen episodes were typical since 2:1 
increased to 3:1 AV block when an atrio-His (AH) 
Wenckebach period was completed with an atrial 
impulse that otherwise would have been conduct- - 
ed. These episodes occurred with dynamic A(M): 
V(N) ratios similar to those seen at the AV node. 
Seven atypical episodes were identified (while AH 
Wenckebach periods were occurring): (1) 2:1 in- 
creasing to 3:1 AV block and then to 4:1 AV biock 
resulting from prolonged refractoriness in the His- 
Purkinje system subsequently followed by con- 
cealed conduction in the latter structure; (2) con- 
version of 3:2 directly into 3:1 AV block due to. 
block of the next-to-last atrial impulse in the His- 
Purkinje system with completion of AH Wencke- 


bach period with the following atrial impulse; and | 
` (3) 4:2 AV block presumably due to supernormal 


conduction in a transversely dissociated His-Pur- 
kinje system. These episodes occurred with A(M): 
V(N) ratios, which in other structures would have 
been indicative of different degrees of AV block. 
in conclusion, progression of 2:1 AV block during 
documented 2 level conduction disturbances (1) 
can be explained by mechanisms different than 
those currently known, and (2) has rich, but differ- 
ent dynamics from those observed exclusively in 
the AV node and exclusively in the His-Purkinje 
system. 

(Am J Cardiol 1992;70:193-199) 
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pacing-induced increases of 2:1 atrioventricular 

(AV) block into higher degrees of block resulting 
from conduction disturbances occurring exclusively in 
the AV node, exclusively in the His-Purkinje system or, 
simultaneously, in both structures.!-!2 In addition, re- 
cently, some clinical and experimental studies dealt with 
the dynamics of complex AV conduction, or phase- 
locked stimulus response, patterns produced by rapid 
electrical stimulation.!3~!’ However, as far as we know, 
few publications have discussed previously undescribed 
mechanisms and the dynamics of pacing-induced pro- 
gression of 2:1 AV block in which there are documented 
2-level conduction disturbances in 2 separate structures, 
as will be done in this communication. 


S sad miéchanisms have been proposed to explain 


METHODS | 


Study patients: Seven consecutivé patients in whom 
HV and, consequently, AV block developed during elec- 
trophysiologic evaluation constitute the basis of this 
study. In 6 patients the conduction disturbance ap- 
peared while pacing the atria, and in 1 during sinus 
rhythm. ’ 

Electrophysiologic study procedure: After informed 
consent was obtained in accordance with the guidelines 
of our institution, electrophysiologic studies were per- 
formed in the postabsortive state.!® All antiarrhythmic 
medications were discontinued for >2 days. Although 
complete electrophysiologic evaluation was performed, 
this study deals only with the results of incremental atri- 
al pacing using twice-diastolic threshold stimuli. 

In all cases, 2:1 HV (and AV) block was seen dur- 
ing incremental atrial stimulation at HH intervals that 
were equal to the corresponding stimulus-stimulus and 
atrial(A)-A intervals. Once this had occurred, pacing 
was continued in decrements of 10 to 20 ms until 23:1 


degrees of AV block appeared. The latter invariably re- 


sulted from coexisting 2-level block in 2 separate struc- 
tures, namely, AV node and His-Purkinje system. Epi- 
sodes of progression of 2:1 AV block were classified 


.for didactic reasons, as typical or atypical, according 


to whether they conformed to previously held views 
regarding pacing-induced 2-level ‘block in 2 separate 
structures or to the dynamics of progression of human 
AV nodal or His-Purkinje block.!-!> 
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TABLE I Clinical and Electrophysiologic Information 


Pt. Age (yr) 
No. & Sex 


_ QRS 
Diagnosis 


PAVB 

PAVB 

PAVB 

PAVB 

Syncope 
*During sinus ra baal 


Complexes AH 


HH of 
HV 2:1 HV 


A(M):V(N) 


Episodes Ratios 


4:2; 4:2; 4:2 


A = atypica = narrow; PAVB = paroxysmal atrioventricular block; RBBB = right bundle branch block; SVT = 


Sora E, T= typical. 


RESU LTS 

Clinical characteristics: The clinical aa electro- 
physiologic characteristics of the 7 patients are listed in 
Table I. Atrio-His (AH) and HV intervals were normal 
in all patients except in 1 who had a slightly prolonged 
AH interval.!? Two-to-one block in the His- Purkinje 
system occurred at cycle lengths of <400 ms in 3 pa- 
tients and >400 ms in 4 patients. According to the cri- 
teria of Josephson and Seides!? the former values were 
considered to be within normal limits, and the latter ab- 
normally prolonged. 
_ Episodes: In all, 20 episodes of progression of 2:1 
AV block were identified in the 7 patients: All were 
seen at pacing cycle lengths and AA intervals, shorter 
than those at which stable 2:1 HV (and AV) block had 
appeared. However, the HH intervals were longer than 
the corresponding stimulus-stimulus and AA intervals 
due to the development of rate-dependent AH (AV 
nodal) Wenckebach periods. | 

Typical episodes: Thirteen episodes were typi- 
cal.!:>10 Two-to-one progressed to 3:1 AV block when 
AH Wenckebach periods coexisted with the preexisting 
2:1 HV block, provided that: (1) the Wenckebach, peri- 
od was completed during inscription of an A deflection, 
which would otherwise had been conducted if the pre- 
ceding sequence of 2:1 AV block had persisted; and (2) 
the interval between the H deflection of the last beat 
reaching the His bundle and the H deflection following 
the A deflection blocked at the AV node exceeded the 
HH interval at which 2:1 HV block had first appeared. 
For example, in Figure 1 (top panel), the pacing cycle 
length was 320 ms. It was recorded from a patient in 
whom 2:1 HV block had first appeared at a cycle length 
of 360 ms. Two-to-one increased to 3:1 AV block be- 
cause: (1) the AH Wenckebach period started with Al 
and was completed during inscription of A7, which 
would have been conducted had the preceding 2:1 se- 
quence continued; and (2) the interval between the sixth 
and seventh H deflections (585 ms) exceeded the HH 
interval at which 2:1 HV block was detected (360 ms). 

In these typical episodes the dynamic A(M) :V(N) 
conduction ratios were (with the number of episodes in 
parentheses): 7:3 (3); 9:4(8) and 11:5(2). They thus 
conformed to the previously described universal formula 





for conversion of 2:1 AV nodal block into 3:1 AV nodal 


block, namely, 2N + 1:N in which N was the second 
number of a rano that. during 1:1 AH block was repre- 
sented as M:N.)5 

As previously reported, if a “proximal” Wenckebach 
period is completed after inscription of a deflection 
which would have blocked if the preceding 2:1 sequence 
had continued, the 2:1 block does not progress to 3:1 
block.3.!9 On the centrary, 2:1 block persists, but with a 
different (shorter) AV interval. This explains why, in 
Figure 1 (bottom panel), after the AH Wenckebach pe- 
riod ended with A4, 2:1 AV block continued, but with 
an AV interval (160 ms) shorter than the preceding AV 
interval (210 ms). 

Atypical episodes: Seven atypical episodes were 
identified (Table I). Figure 2 shows an episode of 2:1 
block progressing to 4:1 AV block with a run of 3:1 AV 
block in between. Two-to-one HV block had appeared, 
during sinus rhythm, at a cycle length of 780 ms (Table 
I). Note that with stimulus-stimulus and AA intervals 
measuring 350 ms, the entire episode consisted of AH 
Wenckebach periods coexisting with HV block. In this 
case several atypical features occurred. Initially, 2:1 in- 
creased to 3:1 AV block despite the first AH Wencke- 
bach period ending with the inscription of a deflection 
(A4) that had been unable to reach the ventricles dur- 
ing the previous 2:1 sequence. Nevertheless, 3:1 AV 
block resulted because the next His deflection appeared 
at an (H4) interval (520 ms) that was shorter than 780 
ms. Consequently, in contrast to Figure 1 (bottom pan- 
el, where the reverse occurred) 3:1 AV block ensued. 

Immediately after this, 3:1 increased to 4:1 AV 
block, thus not regressing to 2:1 AV block. The latter. 
resulted from a combination of factors. First, concealed 
conduction must have occurred within the His-Purkinje 
system.?? Such a phenomenon explains why, despite the 
fact that the interval between H5 and H7 (810 ms) ex- 
ceeded 780 ms, H7 was unable to reach the ventricles. 
For it to take place H6 should have had an extent of 
concealed penetration into the distal His-Purkinje sys- 
tem ‘capable of preventing transmission of H7.2! Sec- 
ond, the coexisting AH Wenckebach period was termi- - 
nated during inscription of the subsequent A deflection 
(A9) that otherwise would have been able to reach the 
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we 


ventricles. In this case, considering the entire sequence 
of 2:1 to 3:1 to 4:1 AV block as 1 episode yielded a total 
A:V (or M:N) ratio of 9:3. 

A different type of atypical episode is shown in Fig- 
ure 3 since 2:1 decreased to 3:2 block which then pro- 
gressed directly to 3:1 AV block. Two-to-one HV block 
had first appeared at a pacing cycle length of 360 ms. 
At a shorter pacing cycle length (300 ms) regression to 
3:2 AV block took place (Figure 3, top panel) when 
(after persistent 2:1 AV block up to A4) a 3:2 AH 
Wenckebach period reoccurred. Three-to-two AV block 
was possible because the degree of pacing-induced AH 
delay resulted in an H5H6 interval >360 ms. 

Figure 3 (bottom panel) shows conversion of 3:2 di- 
rectly to 3:1 AV block (the last Al in the top panel is 
reproduced as the first A1 in the bottom panel). There 
are 2 consecutive AH Wenckebach periods. However, 
only the second period leads to 3:1 AV block because: 


FIGURE 1. Surface and intracavitary 
leads in a episode of conversion 
of 2:1 to 3:1 atrioventricular (AV) 
block (fop panel). A 7:6 atrio-His (A-H) 
Wenckebach period coexisted with 2:1 
His-ventricular (H-V) block. in the fad- 
der diagram, numbers (expressed in 
ms) at the A-H and H-V leveis repre- 
sent conduction times through the AV 
node and His-Purkinje system, respec- 
tively, whereas those at the His bundle 
(H) level indicate intervals between the 
corresponding 


consecutive H defiec- . 2: 
tions. Bottom panel, the 4:3 A-H wt 


Wenckebach period was completed 


(1) the second A deflection of this period (A5) arrived 
at the His bundle at an (H3H4) interval of 360 ms, 
therefore being unable to reach thé ventricles and; (2) 
the subsequent A deflection (A6) was blocked at the 
AV node. The total A:V (M:N) ratio in this episode was 
6:3 (3:2 + 3:1). 

Other types of atypical episodes were seen in a case 
where 2:1 HV block occurred at pacing cycle lengths 
ranging from 470 to 400 ms (patient 7). These episodes 
were identified at an even shorter cycle length (350 ms, 
Figure 4) when 4:2 AV block resulted from the coexis- 
tence of a 4:3 AH Wenckebach period with 3:2 HV 
block. Note the prolonged HV interval (100 ms) pre- 
ceding the second (wide) QRS complex. According to 
Halpern et al,?! episodes of 4:2 Mobitz type II block 
occur when the second atrial impulse of the episode is 
conducted during the supernormal period of the His- 
Purkinje system. In Figure 4 it is possible to postulate 
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(A4), which would have been blocked 
at the His-Purkinje system if the previ- 
ous 2:1 sequence had persisted. This 
did not result in 3:1 AV block, but in 
persistence of 2:1 AV biock with a de- 
crease in AV conduction time from 210 
to 160 ms (as indicated here by num- 
bers in the V level). DCS = distal coro- 
nary sinus electrogram; HBE = His 
bundie electrogram; S = stimulus arti- 
fact. 
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FIGURE 2. Atypical episode of conversion of 2:1 to 4:1 atrioventricular block, with a run of 3:1 block in between. There is docu- 
mented 2-4evel block during which atrio-His (AH) Wenckebach periods coexist with His-Purkinje conduction disturbances. The 
fifth atrial deflection (AS) was blocked at the His-Purkinje system because it occurred during its effective refractory period, 
whereas A8 could not reach the ventricles because of the concealed penetration of A7. See text. HBE = His bundle electrogram; 


HRA = high right atrium; H-V = His-ventricular. 
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FIGURE 3. Documented 2-level block with re- - 
gression of 2:1 to 3:2 atrioventricular block 
(top panel). Thereafter, an atypical episode 
resulted, since 3:2 converted directly into 3:1 
atrioventricular block (bottom panel). The 

last atrial deflection (A1) in the upper panel 

is reproduced as the first Al In the bottom 
panel. PCS = proximal coronary sinus; other 
abbreviations as in Figures 1 and 2. 


transverse disassociation of the latter into a more proxi- 
mal and a more distal level, as depicted in the left-sided 
diagram. If 2:1 HV block had been occurring at the 
proximal level (having a short or absent relative refrac- 
tory period), arrival of excitation during its supernormal 
period could allow the impulse to reach a distal level, 
one possessing a longer relative refractory period. This 
would allow the impulse to activate the ventricles, but 
with delay. However, other explanations are possible. 
For example, with 4:3 AH Wenckebach, (as represent- 
ed in the right-sided diagram) coexistence of a 3:2 HV 
Wenckebach, or simply, occurrence of H2 during the 
relative refractory period of the His-Purkinje system 
may have resulted in a (total) 4:2 A:V (M:N) ratio. 
Yet, the latter explanations are unlikely because H2, 
occurring after a long preceding HH interval, would be 
expected to appear during a longer effective refractory 
period of the His-Purkinje system. Regardless as to why 
H2 arrived at the ventricles, H3 was blocked because of 
its inscription at an even shorter HH interval. Finally, 
. A4 ending the 4:3 Wenckebach period was blocked at 

the AV node, thus completing the episode of 4:2 AV 
block. In the atypical episodes the A(M):V(N) ratios 
were 6:3 once, 9:3 in 3 episodes and 4:2 in 3 episodes 
(Table I). 


DISCUSSION 

Mechanisms of pacing-induced progression of 2:1 
AV block Into higher degrees of AV block during docu- 
mented coexistence of AV nodal and His-Purkinje con- 
duction disturbances: Most reports discussing progres- 
sion of 2:1 AV block attributed to multilevel block have 
included patients with sinus, or rapid atrial, rhythms in 
whom the various levels were inferred to be located (but 
not directly observed) at the AV node.3:49.11,12,20,22,23 
Fewer studies have analyzed progression of pacing-in- 
duced 2:1 AV block in which 2 levels of block were, by 
electrophysiologic studies, seen to occur in 2 separate 


FIGURE 4. Episodes of 4:2 atrioventricu- 
lar block during documented 2-level block 
resulting from the association of 4:3 atrio- 
His (A-H) Wenckebach with 3:2 His-ven- 
tricular (H-V) block. Left side of the dia- 
gram depicts conduction of 
H2 (stimulus artifact [S] at the H-V level) 
in the upper part of a transversely dissoci- 
ated His-Purkinje system. Right side of- 
fers an alternate interpretation: 3:2 
Wenckebach within the His-Purkinje sys- 
tem. The first and second H-V intervals of 
each episode measured 55 and 100 ms, 
respectively. Other abbreviations as in 
Figures 1 to 3. 





structures (AV node and His-Purkinje system). In pre- 
vious studies where His bundle recordings were per- 
formed, typical episodes of conversion of 2:1 into 3:1 
AV block were attributed to the association of a proxi- 
mal AH Wenckebach period with a distal 2:1 HV block 
(Figure 1).1568-11 Progression of 2:1 into 4:1 AV block 
was ascribed to the coexistence of a proximal 2:1 block 
with a distal Wenckebach period.!>9-!! However, the 
present communication shows that other mechanisms 
may be involved. Thus, 2:1 increasing to 3:1 AV block 
was also noted (Figure 2) when the A deflection (A5) 
that would have been conducted if the 2:1 sequence had 
persisted reached the His bundle at an HH interval 
shorter than the one at which 2:1 HV block first ap- 
peared (most likely during the effective refractory peri- 
od of the His-Purkinje system). This contrasts with 
what was seen in Figure 1. 

Furthermore, 3:1 AV block also could emerge di- 
rectly from 3:2, not 2:1, AV block (Figure 3). More- 
over, progression from 2:1 to 4:1 occurred with a run of 
3:1 AV block in between. This was possible (Figure 2) 
after the 2:1 progressed to 3:1 (in the atypical mode 
previously discussed), because the H deflection, which 
would have been conducted if the 3:1 sequence had con- 
tinued, was blocked in the His-Purkinje system (due to 
the concealed penetration of the previous H) and the 
subsequent A was blocked at the AV node (because it 
ended an AH Wenckebach period). Concealed conduc- 
tion into the His-Purkinje system was previously postu- 
lated by Halpern et al?! to explain block of the third 
impulse of 5:2 episodes of Mobitz type II AV block. 

Another interesting finding was observing episodes 
of 4:2 AV block at pacing cycle lengths shorter than 
those resulting in 2:1 HV block (Figure 4). Although 
these episodes have been reported during block occur- 
ring in a single structure (the His-Purkinje system),”! in 
our case they were seen in 2 separate structures (Figure 
4). However, the mechanisms of conduction of the sec- 
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ond H deflection, following a long preceding HH cycle, 
are unclear. In the cases of Halpern et al?! this finding 
(called paradox 2) “consisting of the fact that P2 is con- 
ducted following a long cardiac cycle (when His-Pur- 
kinje system refractoriness is expected to last longer)” 
was attributed to supernormal conduction. In addition, 
these investigators believed that with faster rates the 
possibilities of “hitting” the supernormal period were 
also greater. A 4:2 stimulus-to-response block was also 
attributed to supernormality in the experimental studies 
of Chialvo and Jalife** where Purkinje fibers were stim- 
ulated. 

But in the cases of Halpern et al, where supernor- 
mality was postulated, the HV intervals were similar to, 
or shorter but not longer than, the basic HV intervais. 
Still, supernormality may be invoked as depicted in the 
left-sided diagram of Figure 4, by postulating 2-level 
block in the His-Purkinje system as proposed by Hal- 
pern et al?! to explain their Figure 8 and Castellanos et 
al!9 for the interpretation of their Figure 1. 

Comparison between the dynamics of progression 
2:1 AV block occurring exclusively at the AV node 
with those of 2:1 AV block resulting from coexisting 
AV nodal and His-Purkinje system conduction distur- 
bances: Shrier et al!> observed at the AV node what 
had been previously described in a mathematic model, 
namely, that if there was an M:N (A:V) rhythm at one 
frequency and an M’:N’ rhythm at a second frequency, 
then there would be an M + M'N + N’ rhythm at an 
intermediate frequency. 

In our previous: studies of the dynamics of pacing- 
induced 2:1 AH block, progression to 3:1 AH block was 
seen with ratios (5:2, 7:3, 9:4, 11:5, and so forth), which 
could invariably be represented by a universal 2N + 
1:N formula.'> Similarly, at a constant cycle length, 
conversion of 2:1 to 4:1 AH block occurred only directly 
(without an intermediate run of 3:1 block) with ratios 
(6:2, 8:3, 9:4, and so forth) invariably represented by a 
universal 2N + 2:N formula.!> 

At the human AV node, once stable 2:1 AH block 
(represented by a general 2 N:N ratio) was achieved, a 
further decrease in pacing cycle length caused an in- 
crease in the degree of AH block, not a decrease to 3:2 
AH block.!4 Moreover, 3:2 did not progress directly to 
3:1, but to 2:1 AH block. On the other hand, according 
to Halpern et al,?! 2:1 Mobitz type II AV block exclu- 
sively taking place in the His-Purkinje system could 
evolve to 3:2 or progress to 4:2 and 5:2 AV block pro- 
vided that supernormal conduction was present. In this 
study of documented 2-level block, typical episodes of 
progression of 2:1 to 3:1 HV block produced ratios that 
could (as at the AV node) be represented by the general 
2N + 1:N ratio.!> Not surprisingly, atypical episodes 
yielded ratios that at the AV node would have to be 
represented differently. For example, 3:2 to 3:1 AV 
block (Figure 3) occurred with a 6:3 ratio. Similarly, 
the ratio of the 2:1 to 3:1 to 4:1 AV episode was 9:3. At 
the AV node these ratios would have to be represented 
by 2N:N and 3N:N, respectively. The former would be 
indicative of stable 2:1 AV block and the latter of either 
stable 3:1 AV block (3:1 + 3:1 + 3:1 = 9:3) or of con- 





version of.2:1 directly into 5:1 AV block (2:1 + 2:1 + 
5:1 = 9:3).!5 . 

Finally, episodes of 4:2 AV block were not observed 
at the AV node at pacing cycle lengths shorter than 
those yielding 2:1 stable AV block.!3° During incre- 
mental pacing they were reported before stable 2:1 AV 
block developed.** When occurring after development 
of stable 2:1 AV block, the 4:2 AV ratio seems to result 
exclusively from His-Purkinje conduction disturbances, 
either isolated as in Halpern’s cases?! or associated with 
AV nodal conduction disturbances, as in our cases. 

Implications: Previously unreported mechanisms for 
progression of 2:1 AV block due to documented 2-level 
conduction disturbances were identified in only 7 con- 
secutively studied patients. Thus, they may be more fre- 
quent than previously thought. Mechanistic and dynam- 
ic differences with what has been observed, during atrial 
pacing, at the human AV node, or exclusively at the 
His-Purkinje system can, obviously, be ascribed to the 
fact that several, diverse, coexisting phenomena could 
(and did) occur in 2 separate structures.!*:2! Emphasis 
should be placed on the fact that these mechanisms and ` 
dynamics apply only to what happens during incremen- 
tal atrial stimulation. It is tempting to assume that these 
findings can be extrapolated to what occurs in nondocu- 
mented, but empirically postulated, 2-level AV nodal 
block in patients having spontaneous sinus rhythm with 
pathologic abnormalities of the AV conducting system, 
ectopic atrial rhythms, atrial flutter with varying AV 
conduction, and the so-called “paroxysmal atrial tachy- 
cardia with block.” Moreover, and not surprisingly, oth- 
er phenomena and different A(M):V(N) ratios are like- 
ly to be identified in the future when analyzing surface 
electrocardiograms, as well as during electrophysiologic 
evaluation. However, further studies are necessary to 
corroborate these assumptions. 


Acknowledgment: We are indebted to Ming-Lon 
Young, MD, and Ivan J. Mendoza, MD, for their criti- _ 
cal comments regarding this article. 
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Electrocardiographic Abnormalities After 
Radiofrequency Catheter Ablation of 
Accessory Bypass Tracts in the 
Wolff-Parkinson-White Syndrome 


Mark A. Wood, MD, John P. DiMarco, MD, PhD, and David E. Haines, MD 


Repolarization abnormalities on surface electro- 
cardiograms have been described after loss of 
ventricular preexcitation in some patients with the 
Wolff-Parkinson-White syndrome. Radiofrequency 
catheter ablation of overt accessory pathways 
provides a unique opportunity to study this phe- 
nomenon. in this study, serial electrocardiograms 
were obtained before and after radiofrequency ab- 
lation of manifest accessory. pathways in 19 pa- 
tients, of concealed accessory pathways in 6 and 
after radiofrequency atrioventricular nodal modifi- 
cation in 12. Seven patients undergoing manifest 
right-sided accessory pathway ablation had left 
superior frontal plane T-wave axis deviations after 
ablation (—42 + 13°). No patient with a manifest 
left-sided or concealed accessory pathway, or 
atrioventricular nodal modification had T-wave ab- 
normalities after ablation; however, left anterior 
fascicular block and incomplete right bundle 
branch block each occurred in 1 patient with left 
accessory pathway ablation. 

Repolarization abnormalities observed after ab- 
lation were similar to T-wave abnormalities during 
the absence of preexcitation before ablation and 
persisted up to 5 weeks after the procedure. Pa- 
tients with repolarization abnormalities after abla- 
tion had significantly longer preexcited QRS dura- 
tions than those without such changes, suggesting 
that the initial contribution of the pathway to ven- 
tricular activation is an important determinant of 
T-wave changes after ablation. The proposed 
mechanism for repolarization abnormalities after 


ablation is the phenomenon of T-wave “memory.” 


(Am J Cardiol 1992:70:200-204) 
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drome, ventricular repolarization abnormalities may 
be evident on surface electrocardiograms during 
spontaneous or induced suppression of ventricular 
preexcitation.! In the past, this phenomenon was observ- 
able only after cardiac surgery, administration of an- 


|: patients with the Wolff-Parkinson-White syn- 


tiarrhythmic agents or stimulation of neurocardiac re- 


flexes to abolish preexcitation.'2 However, each of 
these interventions may have independent effects on re- 
polarization. The development of radiofrequency cathe- 
ter ablation techniques provides a unique opportunity to 
study surface electrocardiographic patterns resulting 
from abrupt abolition of preexcitation in the absence of 
confounding pharmacologic or surgical influences. In 
this study, we analyzed serial surface electrocardio- 
grams for T-wave abnormalities in 37 patients who un- 
derwent successful radiofrequency catheter ablation 
procedures to determine the prevalence and time course 
of electrocardiographic repolarization changes in these 
patients. 


METHODS 

Study group: Thirty-seven patients who underwent 
successful radiofrequency catheter ablation procedures 
at the University of Virginia Health Sciences Center 
were enrolled in the study. Patients with multiple acces- 
sory pathways or unsuccessful ablation procedures were - 
excluded. Nineteen patients underwent successful radio- 
frequency catheter ablation of an extranodal accessory 
atrioventricular (AV) pathway and had evidence of in- 
termittent or continuous preexcitation on surface elec- 
trocardiography. ‘Six patients who underwent success- 
ful ablation of concealed accessory pathways and 12 
who underwent successful radiofrequency AV nodal 
modification were selected as a comparison group. 
Accessory pathway function was defined as concealed 
if the patient had no documented electrocardiogram 
showing preexcitation and no anterograde accessory 
pathway conduction demonstrable during electrophysio- 
logic studies. Patient characteristics by group are listed 
in Table I. All cardioactive drugs were discontinued 5 
half-lives before the ablation procedures and withheld 
during follow-up. 

Electrophysiologic testing: All procedures were per- 
formed in the fasting state with intravenous midazolam 
(2 to 5 mg) and fentanyl (<100 mg/hour) sedation. 
Preliminary clectrophysiologic testing was performed 
in accordance with established protocols and criteria. 
Atrial pacing and recording from multiple sites and 
adenosine injections were used to evaluate possible an- 
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TABLE I Characteristics of Study Group 


Preexcited 


Group 


No. of pts. 
Age (yr) 
Men/women 
Ablation site 
Right anteroseptal/ posterolateral 
Right free wail 
Left posterior 
Left posterolateral 
Left lateral 
No. of lesions 
Voltage (V)/current (mA) 


Values are presented as mean + SD. 
AP = accessory pathway; AVN = atrioventricular node. 


terograde and retrograde conduction patterns for evi- 
dence of accessory pathway function. Patients under- 
going AV nodal modification demonstrated dual AV 
nodal physiology and had typical sustained AV nodal 
` reentrant tachycardia induced with programmed elec- 
trical stimulation. Radiofrequency energy (RFG-3AV 
lesion generator, Radionics, Inc., Burlington, Massa- 
chusetts) was delivered to the endocardial sites using 
6Fr steerable quadripolar catheters with a 7Fr tip diam- 
eter (Mansfield Corp., Watertown, Massachusetts)*° 
and a large skin surface electrode. If preexcitation was 
lost or tachyarrhythmias terminated within the first 5 to 
10 seconds of energy delivery, current was applied for 
30 to 60 seconds. The average number of lesions (30- to 
60-second duration) per patient is shown in Table I. Ab- 
lation procedures were defined as successful if complete 
abolition of anterograde and retrograde accessory path- 
way conduction or modification in AV nodal conduc- 
tion properties associated with inability to induce AV 
reciprocating or AV nodal reentrant tachycardias was 
observed. Ablation procedures that produced these 
changes only transiently (<30-minute duration) were 
considered unsuccessful. 

Surface electrocardiograms: Twelve-lead surface 
electrocardiograms were obtained immediately before 
ablation procedures, during induced tachycardias, im- 
mediately and 12 to 24 hours after ablation, and 4 days 
to 20 weeks after ablation (follow-up). Electrocardio- 
grams obtained in the electrophysiology laboratory 
(i.e. immediately before and after ablation, and during 


tachycardias) had precordial lead V3-V¢ positions dis-. 


placed 1 to 2 intercostal spaces superiorly to the cus- 
tomary positions to accommodate self-adhesive defibril- 
lation patches at the cardiac apex and limb leads 
attached to the deltoids and anterior iliac crests to 
minimize motion artifact. All other electrocardiograms 
were obtained using standard electrode configurations. 

Mean QRS and T-wave vector orientations were de- 
termined by the electrocardiogram recorder computer 
analysis (Marquette MAC 15) or manual calculation 
based on relative vector magnitudes in orthogonal leads. 


- All computer-derived values were overread for accura- 


cy. Repolarization abnormalities after the procedure 
were defined as mean frontal plane T-wave axes <0° or 
>+90°, or negative T waves lateral to lead V2. 





Concealed AVN 


AP | Modification 


4+3 
56 + 5/399 + 45 


34tl 
51 + 6/397 + 20 


RESULTS 

Nine of 19 patients with manifest preexcitation 
(47%) demonstrated electrocardiographic abnormalities 
after ablation. All 7 patients with preexcitation under- 
going right-sided accessory pathway ablation had ab- 
normal left superior mean frontal plane T-wave vector 
orientation (—42 + 13°) despite normal mean QRS 
vectors (+50 + 27°). Furthermore, 1 patient also had 
T-wave inversion in lead Vs. An example of these 
changes is shown in Figure 1. No ST-segment devi- 
ations from the isoelectric baseline accompanied T-wave 
inversions in any lead. One patient also had incomplete 
right bundle branch block after ablation. Of 12 patients 
with manifest preexcitation undergoing left-sided acces- 
sory pathway ablations, left anterior fascicular block 
and right bundle branch block developed in 1 patient 
each. No patient with a left-sided accessory pathway 
demonstrated T-wave abnormalities after ablation. No 
patient with a concealed accessory pathway ablation or 
an AV nodal modification developed conduction or re- 
polarization abnormalities (Figure 2). 

The electrocardiographic abnormalities mentioned 
previously were observed immediately after ablation in 
all but 2 patients. One patient had intermittent preexci- 
tation during the 6 hours after the procedure. T-wave 
abnormalities were observed 11 hours after ablation. In 
another patient, the T wave became inverted in lead ITI 
and biphasic in lead aVF immediately after ablation, 
and was inverted in leads II, III and aVF on the 12- 
hour recording. This patient had received procainamide 
(which suppressed preexcitation) to convert atrial fibril- 
lation that occurred during the study. 

By 12 to 18 hours after ablation, both right bundle 
branch block patterns had resolved, whereas the left an- 
terior fascicular block had partial resolution. All isolat- 
ed T-wave abnormalities were still present at 12 to 24 
hours after development. Late follow-up electrocardio- 
grams (4 days to 16 weeks) were available in 6 of 7 
patients with T-wave abnormalities and showed persis- 
tent changes for up to 5 weeks in 2 patients, whereas 
resolution of these abnormalities occurred by 4 weeks in 
2 patients (Figure 3). Preexcitation recurred in the re- 
maining 2 patients. 

Loss of preexcitation during AV reciprocating 
tachycardia or rapid atrial pacing at a cycle length 
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FIGURE 1. Surface 12-lead electrocardio- 
grams obtained before (fop panel) and af- 
ter (bottom panel) ablation of right pos- 
teroseptal accessory pathway in 25-year- 
old man. Preablation tracing demon- 
strates typical ventricular preexcitation. 
Postablation tracing shows marked T- 
wave inversion in leads Hl, lil, aVF and Ve. 
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FIGURE 2. Graphs showing frontal plane T-wave axes before and after ablation for 38 patients according to location and type 


of ablated pathway (AP). Mean + SD points for each group are also shown. AV = atrioventricular; RFA = radiofrequency abla- 
tion. 
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shorter than the accessory pathway effective refractory 
period reproduced T-wave changes similar to those seen 
after ablation in 6 of 7 patients (Figure 4). In the re- 
maining patient, loss of preexcitation before ablation 
was not observed. Of the 10 preexcited patients. without 
electrocardiographic changes’ after ablation, only 1 
had an electrocardiographic finding (left bundle branch 
block aberrancy) during AV reciprocating tachycardia 
or rapid atrial pacing that was not present. after abla- 


tion. Of the 18 control patients, 2 (1 concealed accesso- 


ry pathway and 1: AV nodal reentry) had leftward T- 
wave vector shifts during reentrant tachycardias. | 

Previous studies suggested that the appearance of re- 
polarization abnormalities after loss of preexcitation 
may depend on the magnitude of ventricular preexcita- 
tion. Therefore, we compared preexcited QRS dura- 
tions on electrocardiograms before ablation between pa- 
tients with and without repolarization abnormalities 
(Figure 5). Patients with T-wave abnormalities after 
ablation had significantly longer preexcited QRS dura- 
tions than did those with no such changes. 


DISCUSSION 

The appearance of repolarization O E after 
induced of spontaneous suppression of preexcitation 
in the Wolff-Parkinson-White syndrome was first de- 
scribed in 1966.7 In a subsequent study of this phenom- 
enon by Nicolai et al,! procainamide, ajmaline or eye- 
ball pressure was used to suppress preexcitation in 45 
patients. The present study demonstrates left-axis T- 
wave deviation after radiofrequency catheter ablation of 






FIGURE 4. Electrocardisgrams from same 
patient as in Figure 1 during orthodromic 
reciprocating tachycardia (top panel) dem- 
onstrating inferior and lateral T-wave ab- 
normalities closely corresponding to those 
observed after radiofrequency ablation 
(bottom panel). SVT = supraventricular 
tachycardia. 
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each of the 7 right septal or free-wall accessory path- 
ways, with intermittent or continuous anterograde func- 
tion. These repolarization abnormalities persisted for up 
to 5 weeks of follow-up. The electrocardiographic repo- 
larization abnormalities after ablation were also evident 


POST ABLATION - 24 HOURS 





POST ABLATION -~ 4 WEEKS 





FIGURE 3. Electrocardiograms from same patient as in Figure 
1 showing persistent T-wave inversions in leads Hl, IH and aVF 


-24 hours after ablation (top panel), but resolution of T-wave 


abnormalities at 4 weeks after ablation (bottom panel). 
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ECG ABNORMALITIES AFTER ABLATION 


FIGURE 5. Graph comparing preexcited QRS durations be- 
fore ablation on baseline electrocardiograms between patients 
with and without T-wave abnormalities after ablation. ECG = 


electrocardiographic. 


during orthodromic AV reciprocating tachycardia or 
atrial pacing at a cycle length shorter than the accessory 
pathway refractory period. In contrast, the only changes 
observed in patients with left-sided pathway ablations 
were 2 transient conduction abnormalities after abla- 
tion. T-wave changes after ablation were not seen in any 
patient with AV nodal modification or concealed acces- 
sory pathway ablation. These changes may be confused 
with those due to coronary ischemia, such as could be 
caused by coronary artery injury or spasm as a result of 
ablation. 

The mechanism responsible for T-wave anie 
after ablation is uncertain. Electrocardiographic repo- 
larization abnormalities have been described after reso- 
lution of left bundle branch block and termination of 
ventricular pacing, as well as after loss of ventricular 
preexcitation.” Studies by Franz et al,’ Costard-Jäckle 
et al? and other investigators suggested a common 
mechanism linking these phenomena by demonstrating 
that the timing and pattern of ventricular depolarization 
can profoundly influence the sequence of ventricular re- 
polarization. In human subjects, Rosenbaum et alf dem- 
onstrated vectoral T-wave abnormalities after pacing re- 
lated in orientation and duration to the site and dura- 
tion of ventricular pacing. Using isolated rabbit hearts, 
Constrad-Jackle et al? demonstrated an inverse relation 
between regional myocardial activation time and the ac- 
tion potential duration in the same area. Franz et alë 
demonstrated similar findings during detailed intraoper- 
ative mapping of human hearts. The concept of electro- 
tonic interactions or modulation of repolarization has 
been proposed to explain these findings (i.e., sequential- 
ly depolarized myocardium invokes an interplay of elec- 
tromotive forces [or currents] between fibers at differ- 
ent potentials).?!° Electromotive forces may act to 
prolong action potential duration at sites of earliest 


myocardial activation and shorten action potential dura- 
tion at sites of later depolarization. Time-dependent 
modulation and rectification of currents and resistances 
across intercellular cardiac gap junctions may sustain a 
particular repolarization sequence even after the origi- 
nal depolarization pattern is altered. 

The data suggest that repolarization abnormalities 
after radiofrequency accessory pathway ablation result 
from abrupt alteration of the sequence of ventricular 
depolarization and are not a direct result of the radio- 
frequency lesion itself. This conclusion is supported by 
the occurrence of repolarization abnormalities only in 
patients with preexcitation and the appearance of simi- 
lar T-wave abnormalities in nonpreexcited electrocar- 
diograms before ablation. Similar findings and conclu- 
sions were recently described by Kalbfleisch et al.!2 The 
absence of T-wave changes after left-sided accessory 
pathway ablation in this series is curious, but may be 
explained by lesser degrees of ventricular preexcitation 
due to later activation of left-sided accessory pathways 
during sinus rhythm as compared with that of right- 
sided pathways, and not as a direct consequence of the 
position of the radiofrequency lesion. 
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Improved Detection of Accessory Pathways that 
Bridge Posterior Septal and Left Posterior 
Regions in the Wolff-Parkinson-White Syndrome 
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To improve the detection of accessory pathways 


that bridge the posterior septum and left posterior 
free wall, catheter maps of the coronary sinus 
from 21 patients (group I) who needed dissection 
of both these anatomic regions were compared — 
with data from 23 (group Il) with pathways con- 
fined to the posterior septum and from 9 (group 
ill) with left posterior pathways. A decapolar cath- 
eter was used to map the coronary sinus in 0.5 to 
i cm steps. Intraoperative mapping was per- 
formed with a 16-electrode band. Catheter maps 
during atrial pacing and orthodromic supraven- 
tricular tachycardia were analyzed for the site of 
earliest activation and for differences in a new di- 
rectional measure of conduction time between. ad- 
jacent mapping sites. The site of earliest activa- 
tion alone did not distinguish accessory pathways 
that bridged both anatomic regions, because 14 of 
21 patients (66%) in group I would have been mis- 
classified to either group HH or Ill. In contrast, an- 
terograde and retrograde directional conduction 
times distinguished patients in group | from those 
in groups Il (p <0.01 to <0.0003) and Ill (p <0.04 
to <0.0001). A multivariate model that incorpo- 
rated the observed differences in directional inter- 
electrode conduction times improved the identifi- 
cation of group I patients, with a sensitivity of 
87% and a specificity of 90%. The results define 
new features in activation patterns measurable 
during catheter mapping that identify accessory 
pathways that bridge the posterior septum and 
left posterior free wall. 

(Am J Cardiol 1992;70:205-210) 
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patients with Wolff-Parkinson-White syndrome 
needs the accurate localization of accessory path- 
ways. Atrial and ventricular insertions of accessory 
pathways have been traditionally identified based on 
earliest activation during orthodromic supraventricular 


T= success of catheter! or surgical? ablation in 


_ tachycardia and maximal preexcitation, respectively.*° 


Recordings of pathway potentials have further facilitat- 
ed their localization.£ However, accurate identification 
of accessory pathways that bridge the posterior septum 
and left posterior free wall is difficult. The purpose of 
this study was to determine the extent to which a new, 
diréctional méasure of conduction time between adja- 
cent mapping sites distinguishes these accessory path- 


-ways from those confined to the posterior septum or left 


posterior free wall. 


METHODS 

Patients: Preoperative and intraoperative maps from 
21 patients (group I) with Wolff-Parkinson-White syn- 
drome and accessory pathways that bridged the posteri- . 
or septum and left posterior free wall who needed a 
combined dissection of both anatomic regions were 
compared with the data from 23 (group II) with path- 
ways confined to the posterior septum and from 9 
(group HI) with accessory pathways located at left pos- 
terior sites. All accessory pathways in the 53 patients 


Studied between November 1983 and October 1990 


were divided successfully. There were 22 male and 31 
female patients (aged 11 to 60 years, mean 28 +:11). 
Associated structural heart disease was present in 18 
patients (33%). 

Preoperative catheter mapping: Studies were per- 
formed with patients in the postabsorptive, nonsedated 
state after they gave informed written consent. All anti- 
arrhythmic drugs were discontinued >48 hours before 


the study. Multi-electrode catheters were positioned ini- 


tially at the high right atrium, atrioventricular junction 
and right ventricular apex, and within the coronary si- 
nus. Intracardiac electrograms and surface electrocar- 
diographic leads I, aVF and V; were recorded simulta- 
neously and printed on an ink-jet recorder at paper 
speeds of 100 and 200 mm/s. Details of the stimulation 
protocol were previously published.’- 

Catheter mapping of the coronary sinus was per- 
formed with a 6Fr decapolar catheter (Bard Electro- 
physiology), with 2 mm interpole spacing and 1 cm 
spacing betweén each bipolar pair. The coronary sinus 
was partitioned into 6 regions. (Figures 1 and 2) extend- 
ing from the os to the left posterolateral wall. Coro- 
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Left Fibrous Trigone 


. Central Fibrous Body 


nary sinus mapping was performed by first advancing 


the decapolar catheter as far distal as possible and then 
withdrawing the catheter in 0.5 cm steps until the proxi- 
mal electrode pair was at the os of the coronary sinus. ’~? 
The intersection of the His bundle and the coronary si- 


nus catheters in a left anterior oblique projection, as ` 


well as electrogram features, were used to identify the 
os of the coronary sinus. . l 

Data analysis: Retrograde atrial activation was ana- 
lyzed during orthodromic supraventricular tachycardia 
and expressed. as ventriculoatrial intervals measured 
from the onset of the QRS complex in the surface elec- 
trocardiogram to the first major deflection of each local 
atrial electrogram. Directional conduction’ times be- 
tween adjacent coronary sinus mapping sites were cal- 
culated by subtracting the activation time at the more 
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FIGURE 2. Radiograph of cardiac silhouette in 40° left anteri- 
or oblique projection. Decapolar mapping catheter is posi- 
tioned in coronary sinus demonstrating 6 mapping sites (iRus- 
trated schematically in Figure 1). Distance between electrode 
pairs is 1 cm. Quadripolar catheters are positioned in high 
right atrium and right ventricular apex. Tripolar catheter is 
positioned at atrioventricular junction. 








FIGURE 1. Stylized cross section of heart 
at level of atrioventricular groove ilhistrat- 
ing mapping sites pertinent to this study. 
Coronary sinus has been partitioned into 6 
regions extending from os to posterolat- 
eral wall. Posterior septum (PS) includes 
sites 0, 1 and 2. Left posterior free wall 
(LPFW) begins at site 3. Accessory path- 
ways that bridged these 2 anatomic re- 
gions occurred between mapping sites 2 
and 3. Site 3 is 2.5 to 3.0 cm from os of 
coronary sinus. 


His Bundle 


proximal mapping site from that at the more distal site 
(Figure 3). A positive value indicated activation. moving 
leftward and away from the os of the coronary sinus, 
and a negative value indicated activation moving toward 
the os. 

~ Anterograde ventricular activation was analyzed 
duririg atrial pacing that resulted in maximal preexcita- 
tion. For each electrode site, the interval between the 
onset of the delta wave in the electrocardiogram and the 


Calculation of ACT 


Orthodromic SVT 


FIGURE 3. Representative data recorded during orthodromic 
supraventricular tachycardia (SVT). Leads l, aVF and V; from 
electrocardiogr. 


surface am, and intracardiac electrograms 
from high right atrium (HRA), atrioventricular junction, 5 cor- 
onary sinus mapping sites and right ventricular apex (RVA) 
are shown. Ventriculoatrial (VA) intervals were measured 
from onset of QRS complex. Difference In conduction times 
(ACT) between adjacent coronary sinus mapping sites was cal- 
culated by subtracting the activation time at the more proxi- 
mal coronary sinus mapping site from the activation time at 
the more distal coronary sinus mapping site. DCS = distal cor- 
onary sinus; HBE = His bundle electrogram; MCS = mid-coro- — 
nary sinus; PCS = proximal coronary sinus; T = 10 ms time 
lines; ti = VA time at distal coronary sinus mapping site; 

tz = VA time at proximal coronary sinus mapping site. 
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first major deflection of each local ventricular electro- 
gram was measured. Directional conduction times be- 
tween adjacent mapping sites were calculated by sub- 
tracting the activation time at the more proximal map- 
ping site from that at the more distal site. 

Intraoperative mapping: The computer-assisted 
mapping system was previously described in detail. 10-12 
A nylon band with 16 bipolar button electrodes was po- 
sitioned around the atrioventricular groove in each pa- 
tient.!! Ventricular and atrial activation were assessed 
during maximal preexcitation and orthodromic supra- 
ventricular tachycardia, respectively. Sites of earliest 
activation identified the ventricular and atrial insertions 
of the accessory pathways. 

Surgical dissection: The decision to dissect the pos- 
terior septum or left posterior free wall, or both, was 
made after completion of intraoperative mapping and 
was based on data obtained from both the preoperative 
catheter and intraoperative maps. 

Statistical analysis: Data were analyzed with the 
Statistical Analysis System.!3!4 Results are expressed 
as mean + SEM. Repeated measures of analysis of 
variance using statistical contrasts provided within- 
group comparisons of adjacent retrograde and antero- 
grade directional conduction times. Univariate predic- 
tors of group membership were determined by .1-way 
analysis of variance. Significant univariate factors were 
included in a stepwise logistic regression analysis that 
was implemented using the LOGISTIC procedure of 
the Statistical Analysis System. This approach provided 
estimates of sensitivity and specificity of predictions of 
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FIGURE 4. Comparison of directional conduction times (ACT) 
Values for each patient group are plotted on y axis and repre- 
sent mean + SE (expressed in ms). Adjacent mapping sites 
from left posterolateral wall to os used to calculate directional 
conduction times are plotted on x axis. Patients with accesso- 
ry pathways that bridged posterior septal space (PS) and the 
left posterior free wall (LPFW) could be distinguished from 2 
groups with accessory pathways confined to either posterior 
septum or left posterior free wall at multiple coronary map- 
ping sites. Negative value indicates conduction toward os and 
positive value conduction away from os. EP = electrophysio- 
logic testing. 





group membership. Estimates were based on a jackknife 
approach to reduce bias that is inherent in estimating 
parameters in the absence of an independent set of data 
with which to test the quality of estimates. 


RESULTS 

Between-group comparisons of directional conduc- 
tion times: Figure 4 compares the mean directional con- 
duction times measured along the coronary sinus during 
orthodromic supraventricular tachycardia from the 
21 patients in group I with accessory pathways that 
bridged both the posterior septum and left posterior free 
wall with those from the 23 in group II with septal 
pathways and from the 9 in group III with left posterior 
free wall pathways. Directional conduction times mea- 
sured for mapping sites 4 and 3, and 3 and 2 differed 
significantly between groups I and II. These observed 
differences were most marked (p = 0.0003) at sites 3 
and 2, which were adjacent to the posterior septum. Di- 
rectional conduction times measured for mapping sites 
5 and 4, 4 and 3, and 2 and 1 also distinguished group I 
from IMI. Differences in atrial activation patterns be- 
tween groups I and II were most marked (p = 0.0001) 
for mapping sites 4 and 3. 

Similar differences in the patterns of ventricular ac- 
tivation during atrial pacing were observed in patients 
in group I that distinguished them from those in groups 
II and IHI (Figure 5). 

Within-group comparison of directional conduction 
times: During orthodromic supraventricular tachycar- 
dia, absolute conduction times along the coronary sinus 
were relatively constant for patients in groups I and H 
(Figure 6). However, in both groups, significant differ- 
ences in directional conduction times were observed. For 
patients in group I with pathways that bridged the pos- 
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FIGURE 5. Comparison of directional conduction times (ACT) 
measured during maximal ventricular preexcitation. Figure is 
arranged in format similar to that of Figure 4. Directional con- 
duction times at multiple mapping sites distinguished accesso- 
ry pathways that bridged posterior septum (PS) and the left 
posterior free wall (LPFW) from other 2 groups. EP = electro- 
physiologic testing. 
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terior septum and left posterior wall, significant differ- 


ences (p = 0.0007) in directional conduction times were 
observed between the more distal coronary mapping 
sites 4 and 3, and 3 and 2. Furthermore (and in contrast 
to group II with posterior septal pathways), the neg- 
ative interelectrode conduction times reflecting activa- 
tion toward the os of the coronary sinus spanned the 
first 3 mapping sites. For patients in group II, with 
posterior septal pathways, significant differences 
(p = 0.0001) were observed between mapping sites 2 
and 1, and 3 and 2. The negative value calculated be- 
tween sites 2 and 1 reflected activation moving toward 
the os from accessory pathways located at the left bor- 
der of the posterior septum. For patients in group II 
with left posterior pathways, no significant changes in 
absolute interelectrode conduction times or direction of 
activation along the coronary sinus were observed. Acti- 
vation proceeded predominantly toward the os, as indi- 
cated by the negative conduction times. 

Significant changes in directional conduction times 
measured during maximal ventricular preexcitation 
(Figure 7) distinguished group I from II at the same 
mapping sites that differentiated these groups during 
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times (ACT) during orthodromic supraventricular 





orthodromic supraventricular tachycardia. However, in 
contrast to the data during orthodromic tachycardia, in- 
terelectrode conduction times were all positive, and the 
significant differences between the mapping sites in 
these groups reflected a large increase in conduction 
time rather than a directional change in conduction. 
The positive values indicate that conduction proceeded 
from the os to the left free wall. In group I, the most 
rapid conduction bridged the posterior septum and left 
posterior free wall (between mapping sites 3 and 2). In 
contrast, the most rapid conduction occurred within the 
septum between mapping sites 2 and 1 in Group II. In 
Group III, interelectrode conduction times were nega- 
tive and indicated activation toward the os. 

Predictive power of directional conduction times: 
Traditional determinants of accessory pathway location 
rely on identification of sites at which measurements of 
the ventriculoatrial interval during orthodromic supra- 
ventricular tachycardia and the delta (QRS complex)- 
ventricular interval during maximal preexcitation are 
the shortest. Based on the coronary sinus mapping sche- 
ma (Figure 1), accessory pathways were confined to the 
posterior septum when the earliest anterograde and ret- 
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times (ACT) during maximal ventricular preexcitation. Data 

from each patient group are plotted on separate y axes. Sig- 
nificant differences in directional conduction times were ob- 

served for combined and posterior septal (PS) groups at iden- 
orthodromic supraventricular tachycar- 


times between adjacent electrode sites. Other abbreviations as 


in Figure 4. 
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rograde activation occurred at site 0, 1 or 2. The left 
posterior free wall began at site 3. Both regions were 
involved when the earliest activation bridged sites 2 and 
3. With the use of this traditional approach, only 7 of 
21 patients (33%) who needed dissection of both ana- 
tomic regions would have been classified correctly. A 
broad band of tissue that activated simultaneously or 
tangentially early sites of activation traversing both ana- 
tomic regions was observed in 5 and 4 of these 7 pa- 
tients, respectively. Of the remaining 14 pathways, 7 
would have been localized to the posterior septum and 7 
to the left posterior free wall. 

Analysis of logistic regression models demonstrated 
that the anterograde and retrograde directional conduc- 
tion times between mapping sites 3 and 2 (p = 0.004), 
and the change in these values between mapping sites 
3 and 2, and 2 and 1 (p = 0.003, anterograde; and 
p = 0.05, retrograde) were powerful univariate predic- 
tors of accessory pathways that bridged both zones. In a 
multiple regression model, both predictors remained sig- 
nificant for anterograde data (sensitivity 87% and speci- 
ficity 90%), whereas only the directional conduction 
time measured between mapping sites 3 and 2 remained 
significant for retrograde data (sensitivity 80% and 
specificity 67%). The incorporation of both anterograde 
and retrograde predictors in the model conferred no ad- 
ditional significance over the anterograde directional 
conduction time measured between sites 3 and 2 alone 
in correctly identifying accessory pathways bridging the 
posterior septum and the left posterior free wall. 


DISCUSSION 

Traditional determinants of accessory pathway loca- 
tion have been based on the earliest atrial and ven- 
tricular activation during orthodromic supraventricular 
tachycardia and maximal ventricular preexcitation, re- 
spectively.4°> With this approach, the locations of the 
accessory pathways in 14 of 21 patients in group I 
found at surgery to bridge the posterior septum and the 
left posterior free wall were misclassified as either with- 
in the posterior septum or on the left posterior wall. 

This study was performed to determine the extent to 
which a new directional measure of conduction time be- 
tween adjacent coronary sinus mapping sites improves 
the identification of accessory pathways that bridge 
these anatomic regions. Major features of this study are 
inclusion of patients with posterior septal (group IJ) and 
left posterior (group ITI) pathways as controls, determi- 
nation of the locations of the accessory pathways based 
on comprehensive catheter mapping of the coronary si- 
nus and computer-assisted mapping of the atrioventric- 
ular groove intraoperatively, and successful surgical dis- 
section of all accessory pathway tissue. Analysis of 
directional conduction times identified significant differ- 
ences in both the rate and direction of conduction that 
were unique to accessory pathways that bridged the 
posterior septum and the left posterior free wall, and 
distinguished them from pathways confined to either re- 
gion alone. 

For patients in groups I and II, observed differences 
showed a directional change in conduction during or- 


thodromic tachycardia compared with a large increase 
in conduction time without an associated directional 
change at the same mapping sites during maximal 
preexcitation. In group II, 2 sites of early atrial activa- 
tion (So and S2) were observed. Although earliest acti- 
vation occurred at the os (So), the single negative value 
at S2-ı (bracketed by positive conduction times) shows a 
second “point source” at S, from which activation 
spread both toward and away from the os of the coro- 
nary sinus. This pattern contrasts with that of retro- 
grade atrial activation observed in group I, where nega- 
tive directional conduction times indicating conduction 
toward the os extended over a broader band of tissue 
(S3_2 to S10), and activation away from the os extended 
laterally from mapping sites S4_3. 

Site-specific sudden changes in interelectrode con- 
duction times characterized each group. For group I, 
rapid conduction occurred between mapping sites 3 
and 2 with a sudden decrease in conduction over the 
left posterior free wall. In contrast, for Group H pa- 
tients, conduction was most rapid within the septum but 
slowed markedly between mapping sites 3 and 2. The 
number of patients in group IJI was small, and sta- 
tistically significant within-group changes in adjacent 
directional conduction times were not observed. How- 
ever, anterograde and retrograde directional conduction 
times demonstrated uniform conduction toward the os 
from lateral mapping sites with the most rapid conduc- 
tion measured between the lateral and left posterior 
sites, distinguishing Group III from I. 

The anatomy of the posterior septum is pertinent to 
the coronary sinus mapping scheme used in this study. 
Davis et al!> reported the dimensions of the posterior 
septum based on analysis of 48 cadaver hearts. The 
mean distance from the coronary sinus os to the left 
margin of the posterior septum was 2.3 + 0.4 cm. This 
distance closely approximates the 2.5 to 3.0 cm distance 
from the os to site 3, which defined the left posterior 
free wall in the present study. These dimensions are also 
in keeping with preliminary findings from patients who 
needed a left ventricular approach to ablate accessory 
pathways thought to be within the posterior septum. 
Features of pathways in this region included detection 
of pathway potentials along the tricuspid annulus dur- 
ing anterograde conduction and 2.5 to 3.0 cm from the 
os during retrograde conduction. !° 

Results are based on retrospective analysis of cathe- 
ter maps from patients found at surgery to have acces- 
sory pathways confined to the posterior septum or left 
posterior free wall, or to bridge both anatomic regions. 
The jackknife procedure was used in the regression 
models to eliminate bias introduced by use of the test 
data set to predict the likelihood that directional mea- 
sures of conduction time would distinguish pathways 
bridging the posterior septum and left posterior free 
wall. Univariate predictors were so powerful that they 
had little or no additive value in combination, a result 
that underscores the need to perform a prospective 
study with larger numbers of patients to assess the true 
power of the directional conduction times to identify ac- 
cessory pathways that bridge the posterior septum and 
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left posterior free wall in patients with Wolff-Parkinson- 
White syndrome referred for catheter or surgical abla- 
tion. 
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Recordings from the Slow Zone of Reentry 

During Burst Pacing Versus Programmed 

- Premature Stimulation for Initiation of Reentrant 

Ventricular Tachycardia in Patients with 
Coronary Artery Disease 


Moh’d A. Habbab, MD, and Nabil El-Sherif, MD 


Programmed premature stimulation and burst 
pacing were compared for initiation of ventricular 
tachycardia (VT) in 16 patients with inducible sus- 
tained monomorphic VT. In all patients VT could 
be induced by programmed stimulation with 2 or 3 
extrastimuli. On the other hand, initiation of VT 
by burst pacing was dependent on the length of 
the train; only 2 to 4 of the 11 trains tested could 
induce VT in any single patient. Recordings ob- 
tained from the slow zone of reentry showed that 
programmed premature stimulation that induced 
VT resulted in a critical degree of conduction de- 
lay as revealed by lengthening of local fractionat- 
ed electrograms spanning 70 to 100% of the dia- 
stolic interval. Similarly, the last beat of a burst 
pacing train that induced VT was always followed 
by a similar degree of local conduction delay, 
whereas trains that failed to induce VT were fol- 
lowed by a lesser delay. It is concluded that al- 
though programmed stimulation with up to 3 ex- 
trastimuli was consistently successful in inducing 
VT, burst pacing succeeded in only 26% of the tri- 
als and was dependent on the length of the train, 
which varied from one patient to the other. Similar 
to what was shown previously in the experimental 
model of reentrant VT, burst pacing could initiate, 
conceal, terminate, and reinitiate reentry depend- 
ing on the length of the train. 

(Am J Cardiol 1992;70:21 1-217) 
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cardiac stimulation, i.e., burst pacing or by pro- 

grammed premature stimulation, or both, has been 
described in experimental!-> as well as in clinical set- 
tings.*© Both programmed premature stimulation and 
burst pacing have been used to initiate reentrant ven- 
tricular tachycardia (VT) in the canine postinfarction 
model.> The mechanism of initiation of reentrant VT by 
burst pacing versus programmed premature stimulation 
in this model has been previously described.’ It was 
shown that initiation of reentry by burst pacing depends 
not only on the cycle length of stimulation, but: also, 
critically, on the number of beats in the paced run. 
There are no similar data available in clinical examples 
of reentrant VT. This study investigates this subject in 
patients with inducible sustained monomorphic VT by 
using left ventricular endocardial electrode catheter re- 
cordings from the slow zone of reentry. 


[esi of reentrant tachycardia by trains of fast 


METHODS 

Study patients: Sixteen patients (14 men and 2 
women) with history of coronary artery disease and 
spontaneous sustained monomorphic VT (10 patients) 
or nonsustained VT (6 patients) were included in the 
study. By definition all patients had inducible sustained 
monomorphic VT at electrophysiologic study. 

Electrophysiologic study: After informed consent 
was obtained, multipolar electrode catheters were in- 
serted percutaneously into femoral veins and a femoral 
artery. Catheters were positioned at the right ventricu- 
lar apex or outflow tract, His bundle position and in the 
left ventricle (in 6 patients). Three surface electrocar- 
diographic leads were recorded simultaneously with in- 
tracardiac electrograms at a paper speed of 100 to 150 
mm/s on an Electronics for Medicine VR-12 chart re- 
corder. Intracardiac electrograms were filtered at 30 to 
500 Hz and recorded at a gain of 1 to 3 cm/mV. Full 
standard 12-lead electrocardiograms were recorded at a 
paper speed of 25 mm/s (Marquette, Inc.) during sta- 
ble-induced VT and ventricular pacing. 

Stimulation protocol: Ventricular stimuli at twice 
diastolic threshold of 2 ms were delivered by a program- 
mable stimulator (DTU-101 MVA, Bloom Associates). 

Programmed premature stimulation: During regu- 
lar ventricular pacing (S;) at cycle lengths of 400, 500 
and 600 ms, single (S2), double (S2, S3) or triple (S2, 
S3, S4) premature stimuli were introduced. A single pre- 
mature stimulus (S2) was introduced late in diastole, 
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TABLE I Programmed Premature Stimulation and Burst Pacing Protocols in 16 Patients 


Heart 
Disease 


Pt. Age (yr) 
No. & Sex 


l 
2 
3 
4 
5 
6 
7 
8 
9 
10 


| + AWMI 


Programmed Premature 


Stimulation Burst Pacing* 


S1 $2 S3 
S1 S2 S3 S4 
Sı S2 S3 
S1 S2 $3 S4 
S1 $2 S3 
S: S2 S3 
Si S2 S3 S4 
S1 S2 S3 S4 
S1 S2 S3 
S1 $2 S3 
S1 S2 S3 S4 
$1 S2 $3 
$1 Se $3 S4 
S1 S2 $3 
S1 S2 S3 
S1 $2 S3 54 


*This column shows the number of beats in paced trains that induced ventricular tachycardia, Numbers between brackets 
are the results on repeating the burst pacing protocol when different from control. 

+Patients had recordings from the slow zone of the reentrant circuit. 

AN = eneurysm; AWMI = anterior wall myocardial infarction; | = inferior; WMI = inferior wall myocardial infarction; NQMI 


= non-Q-wave myocardial infarction. 


and the coupling interval was gradually shortened until 
VT was initiated or until the effective refractory period 
of the right ventricular site was reached. If S, failed to 
initiate VT, its coupling was fixed at an interval 10 ms 
longer than the refractory period and an S; was intro- 
duced at gradually shorter coupling intervals until S; 
either provoked a response or reached refractoriness.. If 
the latter occurred, then S3 coupling was fixed at an 
interval 10 ms longer than the refractory period and an 
S4 was introduced in the same manner until VT was 
initiated. 

Burst pacing: Burst pacing was applied during sinus 
rhythm in the form of trains of 2 to 12 paced beats at a 
fixed cycle length, 10 ms longer than the effective re- 
fractory period of S, (i.e. at a.cycle length equal to 
51-S, coupling interval during programmed premature 
stimulation). This assured 1:1 capture during ventricu- 
lar pacing. Each paced train was programmed to start 
in the late diastolic interval at a cycle length of 50 to 
100 ms shorter than the sinus cycle length. The com- 
plete burst pacing protocol was applied only at a single 
cycle length. Both programmed premature stimulation 
and burst pacing protocols were applied twice in each 
patient. 

Ventricular mapping of the slow zone of the reen- 
trant circuit: Endocardial mapping was performed in 6 
patients with a 6Fr quadripolar catheter with 1 cm in- 


terelectrode distance (USCI). Catheter positions were- 


verified by fluoroscopy in 2 planes and designated by 
the endocardial coordinates of Josephson et al.’ Bipolar 
electrograms were recorded from the distal electrode 
pair and the proximal electrode pair of the mapping 
catheter during sinus rhythm. Fractionated electro- 
grams were defined as those having a duration >60 ms 
and multiple rapid low amplitude (<0.05 mV) deflec- 
tions.8° VT was then induced and mapping was per- 
formed to localize a site of mid-diastolic or pandiastolic 
fractionated electrical activity during the tachycardia. 
This site was identified as the slow zone of the reentrant 





circuit. This was further confirmed by pace mapping 
from the site.?!° The morphology of paced QRS in all 
12-lead electrocardiograms were compared with that of 
spontaneous or induced VT, or both. In 5 of the 6 pa- 
tients direct-current high-energy shocks were delivered 
to this site (2 to 4 shocks at 200 to 400 J) to ablate the 
reentrant circuit.'! In all 5 patients VT was no longer 
inducible during the initial electrophysiologic study, nor 
at a follow-up study 2 weeks later. 


RESULTS 

- In 6 of the 16 patients, VT could be induced by 2 
premature stimuli. In the remaining 10 patients, 3 pre- 
mature stimuli were required. In all patients, VT could 
also be induced by burst pacing. However, successful 
induction was dependent on the number of stimuli in a 
paced train. Only 2 to 4 of the 11 trains tested could 
induce VT in any single patient. For the entire group 
only 26% of all trains tested succeeded in inducing VT. 
The length of the trains that induced VT varied from 
one patient to the other. The results of programmed 
premature stimulation were reproducible in all patients, 
whereas the burst pacing protocol was only reproducible 
in 10 of 16 patients. Table 1 summarizes the results of 
the stimulation protocol in all 16 patients. 

Figure 1 illustrates electrocardiographic recordings 
from 1 of the patients (no. 6). Sustained monomorphic 
VT could be induced by 2 premature stimuli and by 
burst pacing. Figure 1A shows that during S, stimula- 


tion at a cycle length of 400 ms, S, and S; stimuli were 


introduced at coupling intervals of 260 and 220 ms, re- 
spectively, and initiated a monomorphic VT at a cycle 
length of 420 to 430 ms. 

Burst pacing at a cycle length of 260 ms could ini- 
tiate VT only with paced trains of 4 and 9 stimuli, but 
not with paced trains of 2, 3, 5, 6, 7, 8, 10, 11 or 12 
beats (Figure 1B). 

Figures 2 and 3 illustrate recordings from the slow 
zone of the reentrant circuit from patient 14. Sustained 
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monomorphic VT could be induced by 2 premature 
stimuli as well as by burst pacing trains of 4 and 8 stim- 
uli. Figure 2 shows that fractionated electrograms ex- 
tending into the diastolic interval were recorded from 
left ventricular septal sites during sinus rhythm and 
during regular ventricular stimulation at a cycle length 
of 500 ms. The duration of the local electrograms was 
290 to 300 ms during S; pacing. The introduction of a 
single premature stimulus (S2) at a coupling interval of 
280 ms (10 ms longer than local refractoriness) only 
resulted in slight increase of the duration of local elec- 
trograms to 310 ms (Figure 2A). The duration of the 
fractionated electrograms lengthened to 390 ms with 
the introduction of a second premature stimulus (S3) at 
a cycle length of 250 ms but VT could not be induced 
(Figure 2B). Shortening of the S2-S3 interval to 220 ms 
resulted in further lengthening of the duration of the 
fractionated electrograms to 420 ms and the initiation 
of sustained monomorphic VT at a cycle length of 430 
to 440 ms (Figure 2C). During VT fractionated activity 
spanned the diastolic interval. 

Figure 3A illustrates the induction of VT by a burst 
pacing train of 4 stimuli. The last beat of the paced 
train resulted in lengthening of the duration of the frac- 
tionated electrograms to 420 ms, similar to that pro- 


A 


duced by the introduction of 2 premature stimuli shown 
in Figure 2C. The last beat of an 8-stimuli paced train 
was also associated with a similar degree of lengthening 
of the fractionated electrograms and initiation of VT 
(not shown in the figure). By contrast, the last beat of 
paced trains that failed to induce VT was associated 
with lesser degree of conduction delay. Figure 3, B and 
C, shows that the last beat of 5- and 7-stimuli paced 
trains was associated with a duration of 250 and 270 
ms, respectively, of the fractionated electrograms. In all 
6 patients in whom recordings from the slow zone of the 
reentrant circuit were obtained the premature stimulus 
that induced VT (S; or S4) resulted in critical lengthen- 
ing of the local fractionated electrograms. The duration 
of the fractionated electrograms associated with VT in- 
duction ranged from 380 to 520 ms (mean 420 + 36) 
and spanned 70 to 100% of the diastolic interval. The 


duration of fractionated electrograms associated with 


the last beat of paced trains that induced VT varied by 
20 ms or less from those induced by successful prema- 
ture stimulation. 

The programmed premature stimulation protocol 
was reproducible in all patients. However, the burst 
pacing protocol was not reproducible in 6 of 16 patients. 
Figure 4 illustrates the nonreproducibility of the burst 
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FIGURE 1. Electrocardiographic record- 
ings from patient 6 showing the induction 
of ventricular tachycardia by 2 premature 
stimuli (A) and burst pacing (BP) trains of 
4 and 9 beats (B). All other burst pacing 
trains falled to Induce ventricular tachy- 
cardia. 
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FIGURE 2. Recordings from the slow zone 
ef the reentrant circuit from patient 14 
during the induction of ventricular tachy- 


cardia by programmed stimula- 
ton. In each recording the upper set of 
numbers represent the local 


in milliseconds 
and the lower set of numbers, the cycle 
length of stimulation. LV-p and LVd = 
proximal] and distal recordings, respective- 
ly, from left ventricular septal sites; RV-p 
and RV-d = proximal and distal record- 
ings, respectively, from right ventricular 
septal sites. See text for details. 


FIGURE 3. airj from the slow zone 

of the reentrant circuit from patient 14 

during burst pacing (BP). In each record- 

ia the upper set of numbers P 
the duration of local fractionated 


grams in milliseconds and the praia set of 
numbers, the cycle length of stimulation. 
Recordings are from the same sites as in 
Figure 2. See text for details. 
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pacing protocol in 1 of the patients. The figure shows 
that 2 consecutive 6-beat trains at a cycle length of 280 
ms and with a constant coupling interval of the first 
paced beat failed to induce VT during the first trial 
(panel A) but succeeded in the second trial (panel B). 
The duration of local activity associated with successive 
paced beats is represented by the length of the arrows 
and labeled in milliseconds at the bottom of each re- 
cording. In panel A, the first 4 paced beats resulted in 
gradual lengthening of the duration of local activation 
(from 170 to 250 ms). This was followed by abrupt 
shortening of the duration of local activation of the fifth 
as well as the sixth and last beat (175 and 170 ms re- 
spectively). The latter was not followed by VT. How- 
ever, in panel B, similar lengthening of the duration of 
fractionated electrograms following S; to S4 was ob- 
served followed by abrupt shortening of activation of S5 


(from 240 to 175.ms). However, S¢, this time, was asso- . 


ciated with a markedly prolonged fractionated electro- 
gram of 360 ms that bridged the entire diastolic interval 
` and initiated a monomorphic VT. During VT diastolic 


bridging by fractionated activation was also present. « 


The changes in the duration of local fractionated elec- 
trograms, as shown in Figure 4, suggest that burst pac- 
ing trains resulted in a Wenckebach-like pattern of local 
conduction delay and that VT was induced only when 
the train was terminated with the beat associated with 
the longest conduction delay. 


ptt | 





Lot Lt 


DISCUSSION 


The incidence of inducible a tachyarrhyth- 


` mias varies directly with the number of extrastimuli ap- 


plied during bàsic ventricular pacing both in patients 


with spontaneous sustained and nonsustained VT. In | 


patients with spontaneous sustained VT, the probability 
of inducing sustained monomorphic VT ranged from 22 
to 33% (mean 27%) with 1 extrastimulus, from 47 to 
73% (mean 66%) with 2 extrastimuli, and from 75 to 
94% (mean 88%) with 3 extrastimuli.!2-!© Similar find- 
ings were reported in patients with spontaneous nonsus- 
tained VT. Four studies that utilized a similar stimula- 
tion protocol reported their data according to the num- 
ber of extrastimuli required for induction.!&!? The 
fraction of patients who had sustained monomorphic 
VT induced by one extrastimulus was low (0 to 3%), 
increased substantially with 2 extrastimuli (9 to 24%), 
and showed further incréase with 3 extrastimuli (21 to ` 
39%). 

Burst pacing was used by several investigators to 
induce ventricular tachyarrhythmias in patients with 
spontaneous nonsustained VT. The additional yield of 
this mode of stimulation above the use of 2 extra- 
stimuli ranged from 3%! to 11%.!2 Similar results 
were reported in patients with spontaneous sustained 
VT. !2.19,22,23 However, burst pacing may have no advan- 
tage over the use of 3 extrastimuli.2! A protocol using 
an abrupt short-long sequence of the basic drive before 
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FIGURE 4. Recordings from the slow zone of the reentrant circuit from patient 11 during 2 consecutive burst pacing trains of 6 
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local fractionated electrograms. See text for details. 
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FIGURE 5. Diagrammatic representation of cardiac activation 
patterns during the induction of ventricular tachycardia by 
trains of burst pacing (BP). See text for details. 





the introduction of 21 extrastimuli was reported to ini- 
tiate sustained VT in patients not otherwise inducible 
with conventional protocols.24 However, when the effi- 
cacy of such a technique was compared with the use 
of triple extrastimuli, no significant difference was 
found.*° 

Mechanism of induction of reentrant tachycardia by 
burst pacing: The present clinical observations are simi- 
lar to those described in the postinfarction canine model 
of reentrant excitation when composite electrode re- 
cordings from the ischemic zone were analyzed.’ Iso- 
chronal mapping of reentrant activation in this model’ 
showed the following mechanism for initiation of reen- 
try by burst pacing (Figure 5). Figure 5 shows that a 4- 
beat paced train induced a reentrant VT (panel A), 
whereas a 6-beat train failed to induce reentry (panel 
B). In the first case, the 4 successive paced beats ap- 
plied at a critically short cycle length resulted in pro- 


gressively longer arcs of functional conduction block 
(represented by heavy solid lines) and slower circulating 
wave fronts (represented by undulating lines). If the 
slow wave front of S4 reaches the distal side of the arc 
of block, after a critical degree of conduction delay, it 
could reexcite myocardial zones on the proximal side of 
the arc after expiration of refractoriness to initiate cir- 
cus movement reentry. For manifest reentry to take 
place, the paced run should be terminated after the beat 
that resulted in a critical degree of conduction delay. If 
rapid pacing was extended past this beat (as in Figure 
5, panel B) reentrant activation could be confined (con- 
cealed) to the zone of early reexcitation by the next 


paced beat Ss. This beat could also advance rapidly to 


the slow zone of the reentrant circuit resulting in con- 
duction block and interruption of reentrant excitation. 
Termination of a paced train after this beat would not 
result in reentry. If the paced train is continued past the 
beat that interrupted reentry, e.g. Se, S7, and so forth, a 
new sequence of ventricular activation patterns charac- 


terized by progressively longer arcs of conduction block 


or slower conduction, or both, will again develop. 

Study limitations: The present study investigated 
only burst pacing trains at a single cycle length. In the 
experimental model, changing the cycle length of the 
paced trains could also influence the length of the trains 
that successfully induced reentry.*)’ The site of the slow 
zone of the reentrant circuit was validated both by pace 
mapping as well as by the successful ablation of reentry 
when direct-current shock was applied to the site. How- 
ever, the interpretation of changes in the duration of 
local fractionated electrograms with programmed stim- 
ulation should be viewed carefully. On one hand, the 
changes shown in the present study were remarkably 
similar to those obtained from a composite electrode re- 
cording from the site of reentrant circuit in the experi- 
mental model.? Detailed activation maps in the same 
model lend credence to the interpretation of composite 
electrode recordings:’ On the other hand, the duration 
of fractionated electrograms only reflects the degree of 
conduction delay in the reentrant circuit. Details of oth- 
er prerequisites for successful circus movement reentry, 
e.g., the presence and length of arcs of functional con- 
duction block?ć cannot be obtained from the current re- 
cording technique. Finally, the conclusions regarding 
burst pacing are only applicable to VT secondary to a 
reentrant mechanism. Rapid pacing was shown to be 
successful in inducing triggered rhythms due to delayed 
afterdepolarizations in the experimental setting.?” The 
presence of such rhythms in the clinical setting is diffi- 
cult to document. 
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Radiation Exposure to Patients ihi Medical 
- Personnel During Radiofrequency Catheter 
Ablation for Supraventricular Tachycardia 


Bruce D. Lindsay, MD, John 0. Eichiing, PhD, H. Dieter Ambos, and Michael E. Cain, MD 


Radiofrequency catheter ablation is an effective 

_ alternative to medical therapy for patients with su- 
praventricular arrhythmias. The purpose of this 
- study was to determine the risks to the patient 
and to medical personnel due to radiation expó- 


sure from fluoroscopy during radiofrequency abla- 


l tion of supraventricular tachycardia. One hundred 


eight consecutive patients with Wolff-Parkinson- F 


White syndrome i or atrioventriċular nodal reentry 
who underwent the ablation procedure were stud- 
ied. The ablation procedure was ‘successful i in 
"95% of the patients studied. Preexcitation or su- 
praventricular tachycardia recurred in 5% of the 

. patients during a-mean follow-up of 9 + 4 months. 
The mean fluoroscopy time was 50 + 31 minutes. 


_ An anthropomorphic radiologic phantom was used 


to determine organ exposure and the effective 
dose equivalents for the patient and medical per- 
sonnel. The patient's effective dose equivalent dur- 
inga representative ablation procedure was 1 7 

` rems, which is comparable to-other invasive car- 


diovascular procedures. The risk of inducing a fa- — 


tal cancer from this exposure is 1 chance In 745, 
. which is 1% of the spontaneous risk. The risk of a 
serious birth defect is 1 chance in 80,000, which 
is 0.1% of the current incidence of serious birth | 


' defects in the United States. The cardiologist who — 
receives the highest exposure among medical per- 


sonnel, would incur 1 .8 mrems per case or 450 
mrems per year if 250 procedures were per- ` 


formed. This exposure is 9% of the recomniended . 
annual limit. These results demonstrate the effica- 
cy of radiofrequency energy ablation of supraven- . 


tricular tachycardia and confirm that radiation ex- 
posure to patients and medical personnel is. within 

established guidelines. 
/ (Am J nee 1992;70:218-223) 


~ 


he remarkable success of arrhythmia ablation pro- 
cedures has encouraged physicians to refer chil- 
dren and adults with supraventricular tachycar- 


. dia for electrophysiologic intervention as the first line of 


therapy.!-!° Moreover, there is a growing sentiment that 


z arrhythmia ablation procedures are preferred to effec-- 


tive medical therapy because of the potential risks; ex- 
pense and inconvenience associated with the long-term 
use of antiarrhythmic drugs. Patients with ventricular 
preexcitation may also be referred for ablation of an 


- accessory pathway even if they have never experienced : 
‘symptoms. The enthusiasm for arrhythmia ablation pro- 
.cedures must be tempered by the recognition that these 


procedures do have associated risks. Although the im- 
mediate risks of cardiac perforation, vascular injury, 


‘valvular damage, stroke or iatrogenic heart block are 
extremely low, it is, imperative to determine that ar- 


rhythmia. ablation procedures, which often require the 
prolonged use of fluoroscopy, do not subject patients to. 
excessive levels of radiation: The purpose of this study. 
was-to determine the risks imposed by radiation expo- 
sure to the patient.and to the medical personnel who 
perform these procedures, and to identify techniques 


| that reduce this exposure. 


MET HODS - , 

_ Patients: One hundred eight c consecutive patients 
with the Wolff-Parkinson- White syndrome or atrioven-. 
tricular (AV) nodal reentry were studied. The arrhyth-. 
mia ablation protocol’ was approved by ‘the Human 
Studies Committee and informed written consent was 
obtained from each. patient. During the electrophysio- 
logic study intracardiac. recordings were obtained from 
the right atrium, the coronary sinus, the AV junction 
and the right ventricle. A Seimens Cordoskop C x-ray 
unit was used for fluoroscopic imaging, and the field of 
image was ‘collimated to the smallest area required to 
position catheters. For, patients with AV nodal reentry 


_ or accessory pathways that could be ablated from the 
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right side of the heart, the right atrial catheter was ex- 


changed for a 7Fr deflectable ablation catheter with a 4 
' mm distal electrode. For patients with accessory path- 


ways at left free wall or left paraseptal sites, the abla- 
tion catheter was inserted in a femoral artery and posi- 
tioned in the left ventricle. © 

In patients with AV nodal reentry the objective was 


' to eliminate or modify the slow AV nodal pathway pref- 


erentially. or to modify the fast pathway if the first ob- 
jective was not achieved. Slow-pathway modifications 
were performed by applying radiofrequency energy at 


the site o presumed Wy porga alp; recorded 


\ 


a 


— 


along the tricuspid annulus between the His-Bundle and 
the os of the coronary sinus.8-!© The therapeutic énd 
point was complete elimination of dual AV nodal physi- 
ology or the inability to induce repetitive AV nodal re- 
entrant beats despite the persistence of discontinuous 
AV nodal conduction curves.!° When the slow-pathway 
could not be modified, radiofrequency energy was used 
to eliminate or modify retrograde AV nodal conduction 
using methods previously reported. Accessory path- 
ways were ablated by positioning the tip of the ablation 
catheter at the ventricular insertion of the accessory 
pathway. The end point of treatment was elimination of 
anterograde and retrograde conduction through the ac- 
cessory pathway. Patients were observed for 1 hour af- 
ter these end points were achieved. Programmed stimu- 
lation was then repeated in the resting state and during 
an infusion of isoproterenol to confirm that the proce- 
dure was successful. 

Tissue ablation was performed with a continuous- 
wave 500 KHz radiofrequency current generated by an 
electrosurgical unit (Bicap 5005, Microinvasive, Inc., 
Watertown, Massachusetts) that was modified to in- 
crease its voltage output. A control unit (Mansfield Sci- 
entific, Watertown, Massachusetts) was used to select 
the duration and voltage of the current and to monitor 
voltage, current and impedance. Twenty-five to 35 W 
were applied for approximately 60 seconds at the site 
selected for tissue destruction. 

Radiation exposure: Radiation measurements were 
obtained during fluoroscopy of an anthropomorphic ra- 
diologic phantom (Radiologic Support Devices, Long 
Beach, California). The phantom is a model of the hu- 
man chest corresponding to a patient 5 feet 9 inches in 
height and 73.4 kg in weight. The model extends from 
the neck to below the diaphragms and contains a syn- 
thetic heart, lungs, pulmonary vasculature, and skeletal 
structures that are radiographically equivalent to hu- 
man tissues. The radiation exposure measurements were 
obtained with a Radcal Corporation (Monrovia, Cali- 
fornia) model 2025 x-ray monitor using a Radcal Cor- 
poration model 20 X 5-3 electrometer/ion chamber for 
the primary beam and a model 20 X 5-1800 electrome- 
ter/ion chamber for secondary radiation measurements. 

The entrance exposure rates were obtained for pos- 
teroanterior, right anterior oblique and left anterior 
oblique projections that are frequently used during the 
ablation procedure. The focal skin distance for each of 
the views was approximately 24 inches. Radiation levels 
due to secondary radiation, primarily scattered from the 
irradiated phantom, were measured at selected locations 
for each of the 3 commonly used projections. These 
measurements were recorded at the position occupied 
by the physician performing the procedure approxi- 
mately 30 inches from the chest, at the electrophysio- 
logic monitoring station approximately 8 feet from the 
chest where programmed stimulation is performed, and 
at the position occupied by the nurse (8 feet from the 
chest). The dose rates were also determined for areas 
near the primary beam but on the exit side of the beam 
(anterior chest of patient) where the physician’s hands 
may be positioned in order to manipulate a catheter in- 
serted into the subclavian vein. 





TABLE I Characteristics of Patients Studied 
WPW Syndrome 


AV Nodal Reentry 


No of pts. 

Male/female 

Age (yr) 
Mean 
Range 


Successful procedure 59 (90%) 44 (100%) 
8+4 


Follow-up (mos) 9+4 
Recurrence 3 (5%) 2 (5%) 


AV = atrioventricular, WPW = Wolff-Parkinson-White., 


Risk projections: Radiation measurements obtained 
from the entrance point of the primary beam were used 
to compute organ exposure for the patient.'! Secondary 
beam measurements were used to compute organ expo- 
sure for the physician and other medical personnel who 
performed the procedure. The effective dose equivalent 
was obtained by weighting each organ dose by its rela- 
tive susceptibility of harm due to radiation and then by 
summing over the organs of the body. The computed 
quantity is projected to equal the uniform radiation dose 
to the whole body that imparts the same health risk as 
the actual nonuniform exposure. The dose to the heart 
was not included in this calculation because it is highly 
resistent to radiation-induced cancer. The 1990 Nation- 
al Research Report on the biological effects of ionizing 
radiation was used to estimate the somatic risks of low- 
level ionizing radiation.'* These projections assume a 
dose-response relation that is linear for acute doses <10 
rems. The risk of developing a fatal cancer induced by 
radiation was calculated and then compared with the 
risk of dying from a cancer that is unrelated to radiation 
exposure. 


RESULTS 

Patients studied: The characteristics of the 108 pa- 
tients who underwent radiofrequency ablation proce- 
dures are listed in Table I. There were 64 patients with 
Wolff-Parkinson-White syndrome and 44 patients with 
AV nodal reentry. Fifty-seven patients were men and 51 
were women (age range 12 to 77 years). In patients 
with Wolff-Parkinson-White syndrome the accessory 
pathway was in the left free wall in 48 patients, the 
posterior septum/posterior paraseptal region in 11 pa- 
tients, and the anterior septum/right anterior paraseptal 
region in 3 patients, and the right free wall in 2 patients. 
The accessory pathway was concealed in 19 patients 
(30%). The ablation procedure was judged to be suc- 
cessful in 95% of all patients studied, in 92% of the 
patients with Wolff-Parkinson-White syndrome, and in 
all of the patients with AV nodal reentry. During a 
mean follow-up of 9 + 4 months (range 1 to 17) in 
patients with Wolff-Parkinson-White syndrome, ven- 
tricular preexcitation or supraventricular tachycardia 
recurred in 3 patients (5%). Two patients (5%) have 
had a recurrence of AV nodal reentry over a mean fol- 
low-up of 8 + 4 months (range 1 to 17). 

Fluoroscopy time: The mean fluoroscopy time for all 
108 patients was 50 + 31 minutes. The mean fluoros- 
copy time for patients with Wolff-Parkinson-White syn- 
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TABLE ll Primary Beam Measurements ` s 


X-Ray 
Projection 


Entrance Exposure 
(roentgens/min) 


Posteroanterior 

Right anterior 
oblique 

Left anterior 
oblique 


kV = kilovalts; mA = milliamperes. 


drome was 54 + 37 minutes (range 11 to 180) and for 
patients with AV nodal reentry, 45 + 18 minutes (range 
15 to 90) (p = not significant). The fluoroscopy time 
was significantly (p <0.05) shorter for the last 54 pro- 
cedures (43 + 21 minutes) than for the first 54 proce- 
dures (44 + 22 minutes). Figure 1 compares the propor- 
tions of patients with relatively brief, intermediate and 
prolonged fluoroscopy exposure. The fluoroscopy time 
was <30 minutes in 28% of patients, 31 to 60 minutes 
in 49%, 61 to 90 minutes in 16%, and 70 minutes in 
only 7% of the patients studied. 

Radiation measurements: The entrance exposure 
rates obtained from the primary beam (without collima- 
tion) for the 3 projections that are frequently used to 
position catheters are listed in Table II. By collimating 
the field of image (Figure 2), the radiation exposure to 
the patient and to the medical personnel was reduced by 
40%. This practice, which was adhered to during the 
ablation procedure, was taken into consideration when 
organ doses were calculated. 

Radiation levels due to secondary radiation, which is 
primarily due to scatter, are listed in Table III. As ex- 
pected, the exposure is greatest for the physician who 
manipulates the catheter. These recordings were ob- 
tained at waist level with the assumption that the physi- 
cian would be positioned on the patient’s right side to 
maneuver the catheters inserted through the femoral or 
subclavian veins. Exposure rates for the physician are 
considerably higher during manipulation of a catheter 
inserted through a subclavian vein. because of closer 
proximity to the primary beam. Table III compares ra- 


o 
b- 
z 
m 
H 
< 
o 
i 
© 
be 
2 
m 
Q 
cr 
ui 
a 


< 30 31-60 61-90 


FLUOROSCOPY TIME (min) 











TABLE HI Secondary Beam Measurements (mrem/hour) 


X-Ray Projection 


Subject 


Cardiologist (femoral position) 
Beam open: no shield 
Cardiologist (subclavian position) 
Beam open: no shield 
Beam collimated: no shield 
Beam open: shield used 
Monitoring personne! 
Beam open: no shield 
Nurse 
Beam open: no shield 


LAO = left anterior oblique; PA = posteroanterior; RAO = right anterior oblique. 





diation exposure to a physician working at the subclavi- 
an position with and without collimation of the primary 
beam. As shown, radiation exposure to the physician 
can be markedly reduced by use of a leaded-acrylic 
shield that is suspended from the ceiling and positioned 
between the physician and the fluoroscope. 

Effective dose equivalent: Table IV lists the com- 
puted organ doses for adults during a representative 
ablation procedure that requires 55-minutes of image- 
intensifier-assisted fluoroscopy. The computed doses, 
which include both primary beam and secondary scat- 
tered radiation components as applicable, were derived 
from appropriate tables of organ doses per unit entrance 
exposure.!! The average entrance exposure of the right 
anterior oblique, anteroposterior, and left anterior 
oblique projections was used to compute these doses. 
The gonadal dose is primarily attributable to the rela- 
tively brief time the gonads are in the primary beam. 
The exposure rates to the ovaries during fluoroscopy of 
the chest is 0.2 to 0.3 mrem/min and for the testes it is 
0.01 mrem/min. The results listed in Table IV assume 
that the gonads were exposed directly to the primary 
beam for 30 seconds during insertion of catheters from 
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FIGURE 2. Representative fhuoroscopic image demonstrating 


FIGURE 1. Percentages of patients with brief, intermediate 
and prolonged fluoroscopy exposure. 


collimation of the primary beam during placement of cathe- 
ters. 
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Organ/Tissue Dose Equivalent (rems) 








Lungs 6.9 
Breasts 2.0 
Testes <0.8 
Ovaries 0.4 
Thyroid 0.4 
Bone marrow 1.1 






Effective dose equivalent = 1.7 rems. 


the femoral veins or arteries. For example, the ovarian 
dose due to scatter from 55 minutes of chest fluoroscopy 
would be 15 mrem and the dose due to fluoroscopy of 
the pelvis for 30 seconds would be 375 mrem. 

The effective dose equivalent for a representative ab- 
lation procedure that required 55 minutes of fluoros- 
copy is 1.7 rems using the tissue-weighting factors rec- 
ommended by the International Commission on Radia- 
tion Protection.!? Table V compares the effective dose 
equivalent of an ablation procedure to recommended 
dose limits for radiation workers,'* the annual average 
dose in the United States due to naturally occurring ra- 
diation sources, and the dose associated with other 
cardiovascular procedures.!® The effective dose equiva- 
lents shown for routine angiography and for angioplasty 
represent unpublished data from the Mallinckrodt Insti- 
tute of Radiology and are comparable to results pub- 
lished by other investigators.!7 

Patient risks: The somatic risk of low-level ionizing 
radiation for acute doses of 210 rems is cancer induc- 
tion. The age-averaged, gender-averaged risk of fatal 
cancer due to x-ray exposure is approximately 1 chance 
in 126 for an acute dose of 10 rems. If the same risk 
factor is conservatively assumed for an effective dose 
equivalent of 1.7 rems, the result is 1 chance in 745 of a 
fatal cancer due to an electrophysiologic study that re- 
quired 55 minutes of fluoroscopy. The spontaneous fatal 
cancer risk in the United States is about 1 chance in 5.}8 
Thus, the radiation exposure associated with an ablation 
procedure may increase the fatal cancer risk on the av- 
erage by about 1% of the spontaneous risk. The estimat- 
ed cancer risks from radiation exposure of young adults 
are greater than for older adults. The age-related risks 
of cancer induced by radiation for patients with 1 to 4 


TABLE iV Radiation Dose to Adult Patient 








TABLE V Comparative Radiation Exposure: Effective Dose 
Equivalent (rems) 


Arrhythmia ablation procedure 
Recommended annual limit for radiation workers!4 
Average annual dose in United States!5 
Medical procedures 
Coronary angiography 
Coronary angioplasty 
Thallium-201 scan? 
Technetium-99 radionuclide ventriculogram!® 





hours of fluoroscopy are listed in Table VI. In the ex- 
treme case, the risk that a fatal cancer will be induced 
by 4 hours of fluoroscopy in a young female subject 
(age 1 to 14 years) is as high as 1 chance in 95, which is 
4.6% of the expected spontaneous incidence of fatal can- 
cers. 

The estimated risk of a serious birth defect in the 
first generation is estimated to be 30 chances in a mil- 
lion per rem of preconception gonadal radiation (3 X 
10~°/rem).!* The corresponding risk for an arrhythmia 
ablation procedure is about 12 chances per million or 1 
chance in about 80,000, a value that is about 0.1% of 
the current incidence of serious birth defects in the 
United States. 

Radiation exposure of medical personnel: The cal- 
culated effective dose equivalent to the physician who 
manipulates catheters from the femoral area during an 
ablation procedure is 1.8 mrems/case (55 minutes of 
fluoroscopy). This calculation assumes: (1) the field of 
image is appropriately collimated; (2) the physician 
maintains a distance of 30 inches from the patient’s 
chest; and (3) standard leaded collars and aprons rated 
at 0.5 mm lead equivalence are worn. The calculated 
effective dose equivalent is 2.8 mrems/case if a thyroid 
collar is not used. A physician who wears a lead apron 
and collar and performs 250 ablation procedures per 
year will incur a predicted effective dose equivalent of 
450 mrems/year, which is 9% of the recommended an- 


nual limit for radiation technologists. The effective dose 


equivalent is twice as high when the physician is posi- 
tioned to manipulate a catheter inserted through the 
subclavian vein, but radiation exposure can be markedly 
reduced by the use of a leaded-acrylic shield (Table 
III). The predicted eye exposure is 8 rems unless an 


TABLE VI Risk of Fatal Cancer Attributable to Radiation from Fluoroscopy 


Age 


Fluoroscopy Time 


(yr) Gender 


Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 


The chance of developing a fatal cancer induced by radiation is listed in the columns. Numbers in parentheses are the percentages of spontaneous fatal malignancies for that age and 
gender, 
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1 Hour (%) 


1:460 (1.0) 
1:380 (1.2) 
1:640 (0.7) 
1:500 (0.9) 
1:980 (0.4) 
1:1087 (0.4) 
1:1220 (0.4) 
1:1520 (0.3) 
1:760 (0.6) 
1:730 (0.6) 


2 Hours (%) 


1:230 (1.9) 
1:190 (2.3) 
1:320 (1.4) 
1:250 (1.8) 
1:490 (0.9) 
1:540 (0.8) 
1:610 (0.7) 
1:760 (0.6) 
1:380 (1.2) 
1:360 (1.2) 


3 Hours (%) 


1:155 (2.9) 
1:130 (3.5) 
1:210 (2.1) 
1:165 (2.7) 
1:325 (1.4) 
1:360 (1.2) 
1:410 (1.1) 
1:510 (0.9) 
1:250 (1.8) 
1:240 (1.8) 


4 Hours (%) 


1:115 (3.9) 
1: 95 (4.6) 
1:160 (2.8) 
1:125 (3.6) 
1:250 (1.8) 
1:270 (1.6) 
1:305 (1.4} 
1:380 (1.2) 
1:190 (2.3) 
1:180 (2.4} 





effort is made to reduce exposure by means of a leaded 
acrylic shield or leaded glasses. In this study, the pre- 
dicted effective dose equivalent for personnel at the 
monitoring station was 0.6 mrems/case or 162 mrems/ 
250 cases, and for the nurse it was 0.2 mrems/case or 
54 mrems/250 cases. Thus, the radiation exposure rates 
related to ablation procedures for personnel assisting in 
a busy electrophysiology laboratory are <5% of the rec- 
ommended annual limit. 


DISCUSSION 

The risks associated with the radiation exposure re- 
quired to ablate an arrhythmia have important implica- 
tions for physicians who recommend this therapy for 
conditions that are rarely life-threatening. The results of 
this study demonstrate that the acute radiation dose as- 
sociated with a typical arrhythmia ablation procedure is 
comparable to other invasive cardiovascular studies. 
One difference, however, is that electrophysiologic stud- 
ies are more likely to be performed in children, adoles- 
cents or young adults. This study also establishes that 
the radiation exposure incurred during an electrophysio- 
logic study carries a very low risk for induction of genet- 
ic damage or a fatal malignancy relative to the sponta- 
neous incidence of these disorders. Patients should be 
informed that they will be exposed to radiation during 
the procedure, but they can be advised that a typical 
procedure will not significantly increase their risk for 
the development of a fatal cancer or a genetic defect in 
offspring. Obviously, women who are pregnant should 
not undergo an electrophysiologic study unless their ar- 
rhythmias are life-threatening and are refractory to 
treatment with drugs that can be used safely during 
pregnancy. 

Calkins et al!? recently reported on the level of radi- 
ation exposure to patients and physicians during radio- 
frequency catheter ablation procedures using thermo- 
luscent sensors placed on the patient and the physician. 
Despite significant differences in methodology, results 
of these studies demonstrate similar radiation exposure 
and projected risk. A major difference in the present 
study is that direct measurement of the primary beam 
provides data that can be used to modify technique. The 
dependency of radiation levels on the fluoroscopic pro- 
jection used to position catheters, the degree to which 
the beam is collimated, and appropriate use of shielding 
have important implications for radiation exposure to 
patients and medical personnel. 

The fluoroscopy time required to perform an abla- 
tion procedure was <60 minutes in 77% of the patients 
studied. Protracted use of fluoroscopy (>90 minutes) 
was required in only 7% of the patients. Although it is 
likely that fluoroscopy times will become shorter as ex- 
perience is gained and improved catheter designs facili- 
tate the technique, prolonged radiation exposure will be 
incurred during the most difficult procedures. The max- 
imal radiation dose to which a patient should be sub- 
jected is a matter of judgment that depends on the se- 
verity of symptoms, the risks of alternative therapy, and 
the age of the patient. The estimated cancer risks from 
radiation exposure of young patients are greater than 
for older ones. For example, the projected risk per rem 


for a woman at age 15 years is >90% of the composite 
risk, whereas the risk at age 55 years is <40% of the 
composite risk. For patients who require more than one 
attempt to ablate the arrhythmia, the radiation expo- 
sure associated with the procedures should be consid- 
ered cumulative. Accordingly, we limit fluoroscopy 
exposure to 2 hours in young patients with arrhythmias 
that are not life-threatening. The practice of exposing 
a young patient with modest symptoms to prolonged 
fluoroscopy must be questioned. In such cases surgery 
remains an alternative, or the patient may be advised to 
wait until the technical limitations of the ablation proce- 
dure have been overcome. 

It is incumbent on physicians who perform arrhyth- 
mia ablation procedures to ensure that the personnel 
who assist them are not exposed to excessive levels of 
radiation. In this study the annual radiation dose of 
physicians who perform 5 ablation procedures each 
week was projected to be 9% of the recommended annu- 
al limit for people whose jobs require radiation expo- 
sure. This modest exposure can be markedly reduced by 
positioning a leaded acrylic shield between the physician 
and the fluoroscope. The exposure incurred by other 
personnel in the electrophysiology laboratory is consid- 
erably less. These projections assume that the physician 
uses standard safety precautions and does most of the 
catheter manipulations from the femoral region. The 
personnel who assist in the procedure should be sta- 
tioned as far as practical from the patient and should be 
appropriately shielded. 

The following precautions can substantially limit 
radiation exposure during arrhythmia ablation proce- 
dures: (1) perform fluoroscopy with the beam entering 
the posterior side of the patient to attenuate radiation to 
breast and thyroid tissues; (2) reduce the size of the 
primary radiation field by collimating the field of im- 
age; (3) avoid magnification because the entrance dose 
nearly doubles for 3:2 magnification; (4) select the 
highest kilovoltage that provides the needed contrast; _ 
(5) record catheter positions with video systems instead 
of cine; (6) maintain the source to entrance distance as 
long as practical (>20 inches); and (7) conduct periodic 
inspections and testing of the x-ray unit. 

In summary, results of this study demonstrate that 
patients with Wolff-Parkinson-White syndrome or AV 
nodal reentry can be treated safely and effectively by 
using radiofrequency energy to ablate tissue that is criti- 
cal to the reentrant circuit. Radiation exposure to the 
patient and to medical personnel is comparable to other 
cardiovascular procedures and is well within recom- 
mended guidelines. Moreover, good technique can sub- 
stantially reduce radiation exposure. These results sup- 
port the use of arrhythmia ablation procedures as an 
alternative to surgery or antiarrhythmic drug therapy in 
patients with supraventricular arrhythmias that require 
treatment. 
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CONGESTIVE HEART FAILURE 


Baroreceptor-Mediated Release of Vasopressin in 
Patients with Chronic Congestive Heart Failure 
and Defective Sympathetic Responsiveness | 
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in patients with congestive heart failure (CHF), 
overactivity of the sympathetic nervous sys- 

tem may be accompanied by an impairment of the 
barorefiex control mechanism. To evaluate the re- 
flex responses of the sympathetic nervous system, 
the renin-angiotensin system and vasopressin re- 
lease to baroreceptor unloading, 38 patients with 
left ventricular dysfunction were studied. Hemody- 
namic data, and plasma norepinephrine, renin ac- 
tivity and vasopressin concentrations were mea- 


sured before and 60 minutes after administration . 


of high-dose hydralazine (0.4 mg/kg intravenous- 
ly). On the basis of blood pressure response to va- 
sodilater administration, patients were divided ar- 
bitrarily Into those with a decrease in mean arteri- 
al blood pressure >15 mm Hg (group A; n= 12) 
and those with a decrease <15 mm Hg (group B; 
n = 26) compared with control values. In response 
to hydralazine, heart rate decreased in group A 
from 100 to 92 beats/min (p <0.001) and in- 
creased in group B from 90 to 96 beats/min (p 
<0.05). In group A, hemodynamic changes in- 
duced by hydralazine were accompanied by a de- 
crease in plasma norepinephrine from 822 to 518 
pg/mi (p <0.01) and an increase in plasma vaso- 
pressin from 8.4 to 45.2 pg/ml (p <0.001). In 
group B, plasma norepinephrine and vasopressin 
did not change significantly (407 vs 447, and 8.4 
vs 8.3 pg/ml, respectively). Plasma renin activity 
remained unchanged in group A and increased in 
group B (p <0.001). The data show that barore- 
ceptor-mediated release of vasopressin Is not 
impaired in patients with CHF and a defective 
sympathetic reflex control mechanism. Thus, 

. baroreceptor-mediated vasopressin release may 
represent a protective mechanism to maintain sys- 
temic blood pressure in a subgroup of patients 
with severe CHF. 

(Am J Cardiol 1992;70:224-228) 


From Medizinische Univeritatsklinik Heidelberg, Abteilung Innere 


Medizin III (Kardiologie), Heidelberg, Germany. This study was sup- 
ported by the Deutsche Forschungsgemeinschaft, SFB 320, Herzfunk- 
tion und ihre Regulation, Universität Heidelberg, Heidelberg, Germa- 
ny. Manuscript received January 12, 1992; revised manuscript received 
March 20, 1992, and accepted March 23. 

Address for reprints: Joachim Manthey, MD, Kreiskrankenhaus 
am Plattenwald, Abteilung Innere Medizin (Kardiologie), W 7107 Bad 
Friedrichshall, Germany. 


in the maintenance of arterial blood pressure. 

Furthermore, other neurohormonal systems such 
as the renin-angiotensin system and nonosmolar release 
of vasopressin appear to be important backup mecha- 
nisms in blood pressure regulation.!~ In patients with 
congestive heart failure (CHF) these vasopressor sys- 
tems may be activated to maintain circulatory homeo- 
stasis.:4 When blood pressure is reduced in these pa- 
tients due to vasodilation, a reflex increase in sympa- 
thetic nervous activity is not usually present, indicating 
an impairment of reflex responsiveness to baroreceptor 
unloading.>-* Prior investigations comparing reflex re- 
sponses of neurohormonal vasopressor systems with 
baroreceptor unloading in CHF yielded conflicting re- 
sults.’-!2 Thus, the reflex responses of neurohormonal 
systems in patients with CHF were studied. A high dose 
of hydralazine was used to unload arterial barorecep- 
tors, and the drug-induced decrease in arterial blood 
pressure was related to the reflex responses of plasma 
norepinephrine, renin activity and vasopressin in pa- 
tients with severe left ventricular dysfunction. Hydrala- 
zine was selected because it acts on arteriolar smooth 
muscle without directly affecting neurohormonal sys- 
tems. - 


METHODS 

Patients: This study comprised 38 consecutive pa- 
tients (36 men and 2 women, age range 26 to 78 years, 
mean 52) undergoing cardiac catheterization and coro- 
nary angiography for evaluation of chest pain or CHF, 
or both. All patients had class III or IV CHF (New 
York Heart Association criteria)!3 due to severely im- 
paired left. ventricular function (ejection fraction 0.35). 
The causes of CHF were idiopathic dilated cardiomyop- 
athy (n = 30) or coronary artery disease (n = 8). Left 
ventricular ejection fraction was calculated using the 
area-length method.'* Patients with mitral incompe- 
tence exceeding grade 1+ of regurgitation (as deter- 
mined angiographically)!5 were excluded. Twelve pa- 
tients with atypical angina, but with normal coronary 
angiograms and left ventricular function and no detect- 
able congenital or valvular heart disease served as con- 
trols. 

Procedures and measurements: The protocol was 
approved by the ethical committee of the University of 
Heidelberg, and all patients gave informed consent.. 
Measurements before and after hydralazine administra- 
tion were obtained in the postabsorptive state without 
premedications between 2 and 4 P.M. at a special re- 
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TABLE | Hemodynamic Data of Study Patients Before and After Hydralazine Administration 


All Patients 


(n = 38) 


Mean arterial blood 98+ 12 
pressure (mm Hg) 
Heart rate 
(beats/min) 
Cardiac index 
(L/min/m?) 
Stroke volume index 
(mi/m?) 
Left ventricular filling 
pressure (mm Hg) 
Mean right atrial 
pressure (mm Hg) 
Systemic vascular resistance 
(dynes + s+ cm75) 
*p <0.001; tp <0.05; tp <0.01 {C vs H}. 
Values are mean + SD. 


93215 
95+ 14 


86 + 11* 


L3L1-599 
984 + 287* 


p Value 
(A vs B) 


Group B 
{n = 26} 


95 + 9* 
90 + 7* 
90 + 16 
96 + 15ł 
2.4 + 0.6 
3.9 + 0.8* 
26+8 
40 + 8* 
2647 
24 t7 
8+4 
84 
1,768 + 529 
991 + 311* 


Group A 
{n = 12) 


105 4 15 
76 + 10 
106 + 13 
92 + 12* 


2,220 + 653 
970 + 238* 


C = contro! values; H = values after hydratazine; NS = not significant. 


search laboratory. Patients continued to receive doses of 
diuretics and digitalis. Most patients had no mainte- 
nance therapy with vasodilators before the study. In 3 
patients receiving captopril and in 5 receiving nitrates or 
dihydralazine, or both, vasodilators were withheld for 
23 days. No patient had evidence of deterioration dur- 
ing vasodilator withdrawal. 

Right-sided heart catheterization was performed in 
all patients using a triple-lumen Swan-Ganz catheter 
through which measurements of right atrial, and pul- 
monary arterial and capillary wedge pressures were ob- 
tained. Cardiac output was determined by the thermo- 
dilution method. Arterial pressures were monitored by 
the standard cuff method. Derived hemodynamic vari- 
ables were calculated as follows: mean arterial pres- 
sure = } (systolic + 2 X diastolic pressure); cardiac in- 
dex = cardiac output/body surface area; stroke volume 
index = cardiac index/heart rate; and systemic vascular 
resistance = 80 X (mean arterial pressure — mean right 
atrial pressure)/cardiac output. 

Blood specimens for plasma hormone analysis were 
obtained from the pulmonary artery. Samples were col- 
lected in heparinized tubes and immediately placed on 
ice. Plasma was then separated by centrifugation at 
4°C within 5 minutes and stored at ~80°C for analysis. 


` Plasma norepinephrine was measured radioenzymati- 


cally, and plasma renin activity and arginine vaso- 
pressin were determined by radioimmunoassays.!7!® 
Plasma osmolality was measured using the freezing 
point method. 

Before control hemodynamic data and plasma hor- 
mone values were obtained, patients rested in a supine 
position for 30 minutes. After control measurements 
were obtained, patients were given 0.4 mg/kg hydrala- 
zine intravenously over a period of 15 minutes with con- 
stant monitoring of blood pressure and heart rate. Mea- 
surements of hemodynamic values and plasma hor- 
mones were repeated 45 minutes later. 

Statistical methods: Ali results are expressed as 
mean + SD. Intergroup differences were analyzed using 
Student’s ¢ or Wilcoxon’s test for unpaired data, or by 
the chi-square method for categorical data. The signifi- 





cance of the responses to hydralazine administration 
was assessed with Student’s ¢ or Wilcoxon’s test for 
paired observations. When multiple comparisons were 
obtained in the same group of data, the critical value of 
t was corrected using the Bonferroni method.!? Rela- 
tions between different variables were calculated by 
means of least-square linear regression analysis. 


RESULTS 

Classification of patients and baseline hemodynam- 
ics: Patients were divided arbitrarily on the basis of 
blood pressure responses to hydralazine administration 
into those with a decrease in mean arterial blood pres- 
sure 215 mm Hg (group A) and those with a decrease 
<15 mm Hg or no decrease (group B) compared with 
control values. There was no significant difference be- 
tween group A and B patients regarding age, sex, un- 
derlying heart disease or functional class. Left ventricu- 
lar ejection fraction was lower in group A than in B 
(0.19 + 0.06 vs 0.24 + 0.07; p <0.05). Hemodynamic 
data before and after hydralazine administration are 
listed in Table I. Initial mean arterial blood pressure, . 
heart rate, left ventricular filling pressure and systemic 
vascular resistance tended to be higher, and cardiac and 
stroke volume indexes tended to be lower in group A 
than in B, but the differences were not significant. 

Hemodynamic responses to hydralazine: By defini- 
tion, the drug-induced reduction in mean arterial blood 
pressure was greater in group A than in B (—28 vs 
5%). However, a reflex increase in heart rate after 
hydralazine was observed only in group B. In contrast, 
group A patients had a significant decrease in heart rate 
after hydralazine, despite the marked reduction in sys- 
temic blood pressure. However, if group A and B pa- 
tients are considered together, there is no significant 
change in heart rate after hydralazine administration. 
Systemic vascular resistance decreased more in group A 
than in B (—56 vs —44%; p <0.05). The increases in 
cardiac output and stroke volume after hydralazine 
were similar in both groups. Left ventricular filling and 
mean right atrial pressures decreased significantly in 
group A, but not in B. 
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TABLE ll Plasma Hormones in Study Patients Before and After Hydralazine Administration 


All Patients 
(n = 38) 


538 + 348 

469 + 238 
9.6 + 19.4 

16.1 + 21.1ł 

Plasma vasopressin 8.4 + 6.6 
(pg/m!) 20.2 + 23.3ł 
*p <0.01; tp <0.05; fp <0.001 (Cvs H). 


Values are mean + SD. 
Abbreviations as in Table L 


Plasma norepinephrine 
(pg/ml) 

Plasma renin activity 
(ng/ml/hr) 


Plasma hormones: Values for plasma hormones be- 
fore and after hydralazine are listed in Table II. Base- 
line plasma norepinephrine levels in group A were sub- 
stantially higher than in B. Baseline plasma renin activi- 
ty also tended to be higher in group A than in B. There 
was a large amount of heterogeneity in the renin values, 
ranging from very suppressed to markedly elevated lev- 
els. No significant difference was found with respect to 
plasma vasopressin baseline values between the groups. 
Baseline values for all plasma hormones tested in groups 
A and B were significantly higher (p <0.05) than those 
of control patients (norepinephrine 199 + 26 pg/ml, 
plasma renin activity 1.3 + 0.34 ng/mi/hour, and plas- 
ma vasopressin 4.7 + 0.4 pg/ml). In group A, the he- 
modynamic changes induced by hydralazine were ac- 
companied by a marked decrease in plasma norepineph- 
rine levels (—37%; p <0.01) and a significant increase 
in plasma vasopressin (438%; p <0.001), whereas plas- 
ma renin activity remained unchanged. In contrast, in 
group B, plasma norepinephrine tended to increase 
(10%; p = not significant) and plasma renin activity in- 
creased significantly by 147% (p <0.001) after hydrala- 
zine, whereas plasma vasopressin did not change. Pias- 
ma osmolality was not different between the groups and 
did not change after vasodilation. 

Changes in hemodynamics could be related to 
changes in plasma hormones. Figure 1 shows the plots 
between the changes in mean arterial blood pressure 
and plasma hormone levels in the patients investigated. 
There was a highly significant correlation between the 
reduction in mean blood pressure and the increase in 
plasma vasopressin concentration, and a poor inverse 
correlation between the decrease in blood pressure and 
the changes in plasma norepinephrine. No significant 
correlation was found between the changes in blood 
pressure and plasma renin activity after hydralazine. 
Furthermore, there was a weak but significant correla- 
tion between changes in vasopressin concentrations and 
left ventricular filling pressures (r = 0.41; p <0.05). In 
contrast, there was no significant relation between 
changes in vasopressin levels and right atrial pressures 
(r = 0.14; p = not significant). 


DISCUSSION 

This study presents the first evidence that arterial 
baroreceptor unloading may induce a dissociation . be- 
tween reflex responses of the sympathetic nervous sys- 





Group A 
(n = 12) 


Group B 
(n = 26) 


p Value 
(Avs B) 


407 + 226 
447 = 220 
5.3 + 5.0 

13.1 + 13.22 
8.4 + 6.2 
83. + 6.0 


822 + 406 
518 + 276* 
20.0 + 34.2 
23.2 + 33.8 
8.44 7.5 


45.2 + 26.34 <0.001 


tem and vasopressin release in patients with severe 
CHF. 

Overactivity of vasoconstrictor mechanisms: Virtu- 
ally all patients in the present investigation had elevated 
baseline plasma norepinephrine concentrations com- 
pared with those of control subjects. These findings con- 
firm previous observations suggesting overactivity of the 
sympathetic nervous system in CHF and a direct corre- 
lation between plasma norepinephrine and the degree of 
hemodynamic deterioration.2°! Similarly, plasma renin 
activity and vasopressin concentrations were increased 
in a large proportion of patients studied, but no signifi- 
cant differences were noted between groups A and B 
regarding these hormones. Therefore, our data are con- 
sistent with those of previous studies describing elevated 
plasma levels of renin and vasopressin without corre- 
lation with hemodynamic variables in patients with 
CHF 21.22 

Reflex responses of efferent sympathetic activity: 
Although the mechanism that causes activation of the 
sympathetic nervous system in CHF is not fully under- 
stood, excitatory sympathetic reflexes initiated by pe- 
ripheral hypoperfusion appear to have a major role.” 
Therefore, improved tissue perfusion due to vasodilator 
therapy can be expected to reduce sympathetic outflow. 
However, unloading of arterial baroreceptors may result 
in reflex activation of the sympathetic nervous system. 
Therefore, the response of the sympathetic nervous sys- 
tem to hydralazine-induced vasodilation in patients with 
CHF is the result of the following 2 opposing mecha- 
nisms: (1) reduction of excitatory influences of sympa- 
thetic outflow due to hemodynamic improvement, and 
(2) reflex stimulation of efferent sympathetic activity 
mediated by arterial baroreceptors. 

This concept is supported by the data of the present 
study. In group A patients (those with the most severe 
degree of CHF), plasma norepinephrine decreased con- 
sistently, whereas norepinephrine levels tended to in- 
crease in the remaining patients. In group A, a marked 
defect in baroreceptor control mechanisms could be ex- 
pected.** It may be postulated that the excitatory influ- 
ence of unloading of arterial baroreceptors on sympa- 
thetic outflow is overridden by the inhibition of efferent 
sympathetic activity resulting from hemodynamic im- 
provement in group A patients. These findings corrobo-. 
rate numerous investigations suggesting impaired baro- 
receptor control of systemic circulation in CHF.>-7° 
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The substantial decrease in mean arterial blood pressure 
observed in group A may be due to this abnormal neu- 
rohormonal response. 

In contrast, most group B patients had an essentially 
normal increase in heart rate and a trend toward in- 
creased norepinephrine levels in response to hydrala- 
zine. In these patients, the baroreceptor reflex can be 
assumed to be less impaired than in group A patients. 
This reflex activation of the sympathetic nervous system 
due to vasodilator therapy in group B patients is consis- 
tent with the findings of Packer et al® who observed 
rebound hemodynamic events after withdrawal of nitro- 
prusside in patients with severe CHF. 

Plasma vasopressin response to arterial barorecep- 
tor unloading: In healthy humans, a reduction in mean 
arterial blood pressure of 10 to 15% produces little or no 
increase in plasma vasopressin levels, whereas a more 
marked hypotension increases vasopressin in an expo- 
nential fashion.” A similar relation between decrease in 
mean arterial blood pressure and increase in vasopressin 
levels is shown in this study. Therefore, the results indi- 
cate that the release of vasopressin in response to a sig- 
nificant decrease in blood pressure appears not to be 
impaired in patients with CHF. ~ 

Our data confirm and extend some observations of 
Uretsky et al?’ and Borghi et al.2® These investigators 


reported only a weak correlation between changes in . 


mean arterial pressure and plasma vasopressin after a 
drug-induced vasodilation. In a similar study, Francis et 
al? could not find any significant changes in vasopressin 
levels after nitoprusside and captopril administration in 
patients with CHF. In their study, the drug-induced re- 
duction in mean arterial blood pressure was not >12 
mm Hg. The results of these studies are in agreement 
with our findings. The drug-induced decrease in blood 


pressure was too small to induce major changes in vaso- - 


pressin release in these previous studies. 
The increase of plasma.vasopressin in group A after 


. vasodilation appears to be largely mediated by afferents 


originating from arterial baroreceptors. This assumption 
is supported by the close relation between decrease in 
mean arterial pressure and increase in vasopressin. Un- 
loading of cardiopulmonary receptors may have an ad- 
ditional role in vasopressin release after hydralazine. 
However, the correlation. between the changes in left 
ventricular filling pressures and plasma vasopressin lev- 


els is rather weak. Plasma renin activity in group A pa- 


tients did not change significantly after hydralazine ad- 
ministration. The increase’ in plasma vasopressin in 
these patients is evidently not mediated by the renin- 


- angiotensin. system. | 
Possible role of vasopressin in blood pressure regu- 


lation: The autonomic nervous system has a significant 
role in the regulation of arterial blood pressure. Alter- 
ations in blood pressure control are known to occur in 
patients with CHF.35-7 During tilting, some patients 
with CHF have a major reduction in arterial pressure 
similar to that in idiopathic orthostatic hypotension.?° 
In group A, the reflex response of heart rate was blunt- 
ed, and plasma norepinephrine concentrations did not 
increase in response to a marked unloading of arterial 


baroreceptors, whereas vasopressin release was not im- 
paired in comparison with that in healthy subjects. Be- 
cause vasopressin can exert direct vasoconstrictor ac- 
tions at plasma concentrations observed after hydrala- 
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FIGURE 1. Correlations between changes (A) in mean arterial 
blood pressure and plasma hormone concentrations after hy- 
dralazine administration. 
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zine in group A,”? endogenous vasopressin may have.an 
important role in maintaining systemic pressure in this 
Subgroup of patients with CHF. This view is supported 
by Möhring et alè? who observed greatly enhanced pres- 
sure responses to vasopressin in patients with idiopathic 
orthostatic hypotension. 

. Implications: The results of this study suggest that 
the baroreceptor-mediated release of vasopressin is un- 
impaired in patients with CHF and defective sympa- 
thetic nervous reflex control mechanisms. Therefore, 
baroreceptor unloading may induce a substantial in- 
crease in plasma vasopressin without a reflex increase in 
sympathetic activity in these patients. Thus, the vaso- 
. pressin system may have a protective role in the mainte- 
nance of arterial blood pressure in severe CHF. 


Acknowledgment: We are indebted to Dr. Hartmut 
Kirchheim for helpful criticism, and to Dr. Eberhard 
Hackenthal for measuring plasma renin activity. 
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VALVULAR HEART DISEASE 


Rate of Progression of Valvular 
Aortic Stenosis in Adults 


Pompilio Faggiano, MD, Giuseppe Ghizzoni, MD, Alberico Sorgato, MD, Tony Sabatini, MD, 
Umberto Simoncelli, MD, Armando Gardini, MD, and Cesare Rusconi, MD 


Until recently the hemodynamic severity of valvu- 
lar aortic stenosis (AS) was evaluated only by car- _ 


diac catheterization. Now, Doppler echocardiogra- 
phy aliows a noninvasive and accurate assessment 
of AS severity and can be used to study its pro- 
gression with time. The progression of AS was as- 
sessed during a follow-up period of 6 to 45 


_ months (mean 18) by serial Doppler examinations. 


_ From the Division of Cardiology, S. Orsola Hospital, Brescia, Italy. 


N 


in 45 aduit patients (21 men and 24 women, mean 
age 72 + 10 years) with isolated AS. The follow- 
ing parameters were serially measured: left ven- 
tricular outflow tract diameter and velocity by 
pulsed Doppler, peak velocity.of aortic flow by _ 
continuous-wave Doppler, to calculate peak gradi- 
ent by the modified Bernoulli equation, and aortic 
valvular area by the continuity equation. At the 
initial observation, 13 of 45 patients (29%) were 
symptomatic (1 angina, 1 syncope and 11 dys- 
pnea); during follow-up, 25 (55%) developed new 
symptoms or worsening of the previous ones (5 
angina, 3 syncope and 17 dyspnea); 11 underwent 
aortic valve replacement and 3 died from. cardiac 
events. Baseline peak velocity and gradient - 
ranged between 2.5 and 6.6 m/s, and 25 and 174 
mm Hg, respectively; aortic area ranged between 
0.35 and 1.6 cm2. With time, mean peak velocity 
and gradient increased significantly from 4 + 0.7 
to 4.7 + 0.8.m/s (p <0.01), and 64 + 30 to 88 + 
30 mm Hg (p <0.01), respectively. A concomitant 
reduction in mean aortic area occurred (0.75 +. 
0.3 to 0.6 + 0.15 cm?; p <0.01). The rate.of.pro- 
gression of AS (—0.72 to +0.14 cm?/year, mean 
—0.1 + 0.13) was variable among patients and did 
not relate to age, sex, follow-up duration or symp- 
toms. Patients with a reduction in left ventricular 
systolic function had a faster progression than did 
those with normal systolic function. In conclusion, 
a significant progression of AS may occur and a 
mild or moderate stenosis can become critical af- 
ter a few years. Doppler echocardiography ap- . 
pears to be the ideal method for follow-up and. 
can add new insights to the natural history of the 
disease. 

(Am J Cardiol 1992:70:229-233) 


Manuscript received December 31, 199]; revised manuseipt received 
March 17, 1992, and accepted: March 18. 

Address for reprints: Pompilio Faggiano, MD, Via s. Antonio 6, 
25133 Brescia, Italy. 


ntil recently cardiac catheterization was the “ref- 

erence” method to. assess the severity of val- 

vular aortic stenosis (AS) and its changes with 
time!-8; being invasive, however, this method could not 
be repeated indefinitely to evaluate the hemodynamic 
progression of the disease. Previous studies were per- 
formed in small. groups of patients with AS in. whom 
cardiac catheterization was repeated (once and rarely 
twice) usually because of a change in clinical status 
such as the appearance of symptoms.3~7 This bias has 
limited our understanding of the natural history of AS, 
mainly in asymptomatic subjects. Currently, Doppler 
echocardiography allows an accurate assessment of the 
severity of AS by calculation of the transvalvular pres- 
sure gradient and aortic area?-!3; therefore, this nonin- 
vasive technique can be repeated easily to examine the 
progression of disease with time.'4!> This study ana- 
lyzes-the rate of progression of AS, using ie ale echo- 
cardiographic criteria. 


METHODS __. 

_ Study group: We Hoard followed up 45 adult 
subjects (24 women and 21 men, mean age 72 + 10 
years, range 42 to 90) with AS. All subjects gave in- 


formed consent. Criteria for diagnosis of AS included - 


both physical signs, such as a decreased intensity of the 
second sound and a harsh systolic ejection murmur, and 
the presence on Doppler echocardiographic examination 


of thickened aortic cusps with reduced mobility and a — 


maximal aortic jet velocity =2.5 m/s. On the basis of 
clinical history and 2-dimensional echocardiographic 
findings, the origin of AS was considered rheumatic in 7 
patients and degenerative-calcific in 34; in 4 of the lat- 


ter group, a bicuspid aortic valve was evident. Finally, 


the remaining 4 patients had a markedly calcific aortic 
valve and root, so no cause of AS was clearly identifi- 
able. 

Doppler echocardiographic examination: ‘Each pa- 
tient underwent a complete echo-Doppler examination 
at entry in the study and serially during a follow-up 
period.of 6 to 45 months (mean 18); the ultrasound 
evaluation was always performed on request of the car- 


diologist or internist responsible for the care of the pa- 


tient. These physicians also provided us with informa- 
tion on the clinical status of patients (appearance or 
worsening of symptoms, cause of death, and valve re- 
placement) during. follow-up. At least 3 echocardio- 
grams were obtained in all but 5 patients in whom only 
2 sets of data were available. Two commercial instru- 
ments (UM-8 and UM-9, Advanced Technology Labo- 
ratories) were used, and the following parameters were 
measited: to assess the peery of AS: (1) pe velocity 
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of aortic jét, recorded with a nonimaging continuous- 
wave Doppler transducer from the ultrasound windows 
(apical, subcostal, right parasternal and suprasternal) 
that provided the highest velocity signal and the best 
envelope curve. Because the optimal signal was assumed 
to be near parallel to the direction of maximal transval- 
vular flow velocity, no angle correction was performed. 
From peak velocity (m/s), peak aortic pressure gradient 
(mm Hg) was cale ated according to the modified Ber- 
noulli equation.? (2) Aortic valve area. was derived by 
the continuity equation, taking into account, besides the 
peak velocity of aortic jet, the diameter of the left ven- 
tricular (LV) outflow tract (measured from the 2-di- 
mensional parasternal long-axis plane) and the flow ve- 
locity in the LV outflow tract (recorded with pulsed 
Doppler from an apical approach).!*!3 Furthermore, 
LV end-diastolic and end-systolic diameters and frac- 


tional shortening on the transverse plane were measured 
according to the recommendations of the American So- 
ciety of Echocardiography!® for the evaluation of LV 
function. | 

_ All echocardiograms were obtained by the same 
physician (PF); intraobsérver variability was assessed in 
an independent group of 10 adults with AS. Two Dopp- 
ler echocardiographic examinations were obtained in 
each patient, with an interval of 7 to 15 days without 
changes in clinical status. Mean coefficients of variation 
were 3% for peak velocity, 1.5% for LV outflow tract 
diameter, and 5% for aortic area. 

Statistical analysis: Data are expressed as mean + 
SD. Rates of change of Doppler parameters of AS se- 
verity were corrected for the duration of follow-up 
and indexed for the year of follow-up. Assessment of 
changes over time was obtained using paired £ test to 


TABLE | Clinical and Doppler Echocardiographic Data in 45 Patients with Aortic Stenosis. 





Maximal Velocity Aortic Valve Area 
(m/s) (cm?) LV Fractional 
Age (yr) Follow-Up Shortening (%) 
& Sex Etiology Lasi (last) 
1 42M Rheumatic 24 3 39 12` 0.9 50 
2 54M Rheumatic 9 4.5 4.4 0.9 0.6 20 
3 55M Bicuspid 17 4.5 5 0.75 0.65 52 
4 55M  Bicuspid 25 3.2 4 1.4 1.1 50 
5 59F Rheumatic 11 4,3 4.8 0.7 0.6 50 
6 61F Rheumatic 33 6.6 6.8 0.4 0.4 44 
7 GIF Rheumatic 18 4,1 5.5 0.7 0.5 50 
8 62M 34 3.5 4,3 0.9 0.75 45 
9 64F Rheumatic . 11 4.3 4.7 0.65- 0.6 35 
10 65M 24 3 4.3 1.1 0.8 46 
11 65F 14 4.3 5 0.45 0.4 50 
i2 67M 10 3.6 4.5 0.7 0.55 38 
13 69F Rheumatic 24 4.4 5.4 0.6 0.5 50 
14 69M Degenerative 34 3.3 4.3 0.85 0.65 46 
15  70F Degenerative 19 3.5 3.3 0.75 0.8 43 
16 70M Degenerative 25 3 3.9 0.9 9.7 32 
17 71M Bicuspid 7 4.3 4.7 0.75 0.65 23 
18 71M Degenerative 19 4.6 5 0.6 0.55 32 
19 72F Degenerative 12 5.1 5.6 0.4 0.35 48 
20 72M Degenerative 33 3.5 4.9 1.6 0.8 33 
21 72F Degenerative 7 4.7 52 0.85 0.75 21 
22 73F Degenerative 13 3.4 4.1 0.65 0.55 40 
23 73F  Bicuspid 6 5.2 5.1 0.4 0.4 21 
24 73F Degenerative 6 4 4 0.4 0.4 45 
25 7A4F Degenerative 21 2.7 4 0.95 0.65 50 
26 74F Degenerative 18 3.2 3.6 0.95 0.85 50 
27 75F Degenerative 13 5 5.4 0.5 0.45 54 
28 76M Degenerative 45 3.5 4.5 0.95 0.75 50 
29 77M Degenerative 31 2.5 3.8 Ld 0.65 22 
30 77F Degenerative 16 4.7 5.5 0.6 0.5 42 
31 77M Degenerative 16 5.5 5.8 0.4 0.4 50 
32 77M Degenerative 12 5 5 0.7 0.7 31 
3% 79F Degenerative 31 2.7 4.9 1 0.6 45 
34 79F Degenerative 16 5.7 6.3 0.75 0.65 42 
35 79F Degenerative 30 4 5.3 0.6 0.45 38 
36 79F Degenerative 21 3.5 5.3 0.45 0.45 22 
37 80M Degenerative 11 3.2 3.5 0.6 0.7 25 
38 81M Degenerative 22 4 4.9 1 0.7 4i 
39 BIF Degenerative 12 4.8 5.3 0.55 0.45 52 
40 82F Degenerative 12 3.2 3.4 0.85 0.8 43 
41 82F Degenerative 9 4.5 4.7 0.35 0.3 23 
42 = 85F Degenerative 7 3:7 3.9 0.8 0.75 41 
43 87M Degenerative 10 4.7 4.6 0.65 0.5 23 
44 87F Degenerative 18 4.6 5 0.4 0.3 36 
45 90M Degenerative 9 3.1 3.5 0.95 0.4 16 


LV = left ventricular. 
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FIGURE 1. Change in maximal aortic jet velocity (V max) and pressure gradient during follow-up in 45 patients. See text for de- 
- tails. 


“se 


compare the results of the initial and last echocardio- 
graphic examinations. Comparison of means between 
subgroups (with and without symptoms, with and with- 
out LV systolic dysfunction, and so forth) was per- 
formed with an unpaired ¢ test. The effects of clinical 
features on the progression of AS were evaluated by 
linear regression analysis. 


RESULTS 

Clinical data: At entry to the study, 13 of 50 patients 
(29%) had symptoms probably due to AS (1 angina, 1 
syncope and 11 dyspnea). During follow-up, 25 patients 
(55%) developed new symptoms or worsening of preex- 
isting ones. The most frequent symptoms were angina 
(n = 5), syncope (n = 3) and dyspnea (n = 17); 13 pa- 
_ tients underwent aortic valve replacement and 3 died (1 
died suddenly after the recent onset of angina, and 2 
died from progressive and refractory congestive heart 
failure). 

Doppler echocardiographic data (Table 1): At the 
initial study, mean peak velocity was 4.0 + 0.7 m/s 
(range 2.5 to 6.6) corresponding with a peak pressure 
gradient of 64 + 30 mm Hg (range 25 to 174); the 
aortic area ranged between 0.35 and 1.6 cm? (mean 
0.75 + 0.3). A trivial or mild aortic regurgitation was 
recorded by pulsed Doppler in 29 patients (64%). The 
last echocardiographic examination showed a peak ve- 
locity and pressure gradient significantly increased to 
4.7 + 0.8 m/s (range 3.3 to 6.8; p <0.01) and 88 + 30 
mm Hg (range 44 to 185; p <0.01), respectively (Fig- 
ure 1). Furthermore, aortic area was significantly re- 
duced during follow-up to 0.6 + 0.15 cm? (range 0.3 to 
1.1; p <0.01) (Figure 2). No changes in the prevalence 
and severity of aortic regurgitation were observed with 
sequential echocardiograms. 

An increase in peak velocity and pressure gradient 
was seen in most patients (39 of 45; 86.6%), whereas 6 
had either no change or a decrease during follow-up; 
however, the valve area in the latter patients mildly in- 


creased in 2 (within the intraobserver mean coefficient 
of variation), remained unchanged in 2 and decreased in 
the remaining 2 owing to a concomitant reduction of 
LV outflow tract velocity. 

The rate of progression of AS severity was expressed 
by the changes in Doppler parameters indexed for the 
year of follow-up; peak velocity increased with time at a 
mean rate of 0.4 + 0.3 m/s/year (range —2 to 1) and 
peak gradient increased at a mean of 15 + 10 mm 
Hg/year (range —8 to 38). However, aortic area de- 
creased at a rate of —0.1 + 0.13 cm?/year (range 
—0.72 to 0.14). The rate of change of AS severity was 
lower than the mean coefficient of variation (5% for 
valve area; see Methods) in 8 patients; however, no sig- 
nificant differences in the rate of progression were ob- 
served between the study group considered as a whole 
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FIGURE 2. Change in aortic vaive area during follow-up in 45 
patients. See text for details. 
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FIGURE 3. Linear regression analysis between rate of progression of aortic stenosis (expressed as rate of change of valve 
area/year of follow-up [y axis) and age of patients (left), duration of follow-up (middie), and aortic area at entry (right) (x axis). 
Rate of progression showed only an Inverse relation of low degree (r = —0.51) with severity of aortic stenosis at Initial Doppler 


echocardiographic examination. 


TABLE H Clinical and Doppler Echocardiographic Features 
According to Left Ventricular Systolic Function | 


Reduced 
{n = 10) 


Normal 


(n = 35) p Value 


Age (yr) 76 + 10 
Women/men ` 4/6 
LV end-diastolic 6l +7 
diameter (mm) 
LY fractional 
shortening (%) 
Aortic area (cm?) 
Entry 
Last 
Follow-up (mos) 
Rate of change 
in area (cm2/yr) 


eit 3.5 


0,7 + 0.3 
0.55 + 0.15 
1228 
-0.17 + 0.24 


0.75+0.3 
0.6 + 0.1 
20 +9 
—0.08 + 0.065 


Values are expressed as group means + 1 SD. See text for details. 
LV == left ventricular; NS = not significant. 


and when these 8 patients were excluded. Therefore, in 
the subsequent analysis of results, the data presented 
refer to the entire study group. The rate of progression 
of AS was variable among patients and not related to 
sex, age or duration of follow-up (Figure 3). An inverse 
relation of low degree (r = 0.51), but statistically sig- 
nificant, was found between the rate of change of AS 
severity and the initial value of aortic area (Figure 3). 
The appearance or worsening of symptoms did not en- 
able the identification of patients with more rapid pro- 
gression of AS. In fact, although symptomatic patients 
had a smaller aortic area than did asymptomatic ones at 
the last echocardiographic examination (0.55 + 0.15 vs 
0.65 + 0.15 cm?), the rate of change of aortic area in 
the former group was —0.11 + 0.16 cm*/year and in 
the latter —0.09 + 0.06 cm*/year (p = not significant). 
On the other hand, the subgroup of 10 patients with a 
reduction of LV systolic function (identified by LV 
fractional shortening <25%) had a rate of change 
of aortic area significantly greater (—0.17 + 0.24 
cm?/year) than that of those with preserved LV systolic 





function (—0.08 + 0.065 cm?/year; p <0.05) (Table 
IT). 
DISCUSSION 

The results obtained in this prospective study of 45 
patients with AS examined by Doppler echocardiogra- 
phy for a mean period of 18 months show that the se- 
verity of AS increases with time at a mean rate of 0.1 
cm2/year, but the rate of progression is variable among 
patients, so that mild or moderate AS can become criti- 
cal in a few years. Similar results were found by previ- 
ous studies using cardiac catheterization.” 7 In accor- 
dance with these other studies,®’ we found no sig- 
nificant relation between the rate of progression and 
clinical features such as age, sex and duration of follow- 
up. Furthermore, as in other studies, the rate of change 
of AS severity was not different between symptomatic 
and asymptomatic patients.4~* Different results were re- 
ported in 2 recent studies that also used Doppler echo- 
cardiography. Otto et al!* found that the appearance of 
clinical symptoms identified patients with a higher rate 
of progression (expressed by the rate of increase of pres- 
sure gradient or the rate of reduction of valve area, or 
both). Furthermore, Roger et al!> found that the wors- 
ening of symptoms was related to the increase of pres- 
sure gradient. 

In our study a significantly higher rate of progres- 
sion of AS was observed in patients with a reduction of 
LV systolic function compared to those with normal 
systolic function. Wagner and Selzer’ found similar re- 
sults in their study performed with cardiac catheteriza- 
tion. They hypothesized that a reduction in LV perfor- 
mance (causing a decrease in cardiac output) will re- 
duce the aortic valve opening force; this is another 
factor responsible for the severity of AS, in addition to 
the reduction of leaflet mobility. When aortic orifice 
area is reduced, an impairment of LV systolic function 
(either due to “afterload mismatch” or secondary to 
other mechanisms, such as coronary artery disease), - 
by decreasing cardiac output, further reduces valve 
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area.>!” This mechanism of increase of AS severity was 
found mainly in older patients with degenerative-calcific 
AS in whom the primary pathologic process affecting 
the aortic valve is the calcification of the base of the 
leaflets (without commissural fusion), which become 
very sensitive to the opening force of LV contraction. 
We could not statistically evaluate this behavior in our 
study group because of the small number of patients 
with rheumatic or congenital AS compared with the de- 
generative-calcific group. However, the most rapid pro- 
gression of AS severity (rate of change of aortic area 
—0.72 cm*/year) observed in our study was in a 90- 
year-old man with calcific AS in whom a severe reduc- 
tion of LV systolic function appeared during follow-up 
(LV fractional shortening decreased from 36 to 16%). 
The role of reduction of cardiac output in determin- 
ing the severity of AS emphasizes the importance of 
measuring the valve area, not just the pressure gradient, 
as an index of AS severity,!8 mainly in follow-up stud- 
ies. Because valve area depends on pressure gradient as 
well as transvalvular volume flow (i.e., cardiac output), 
an increase in the severity of AS may occur, despite no 
change or even a decrease in pressure gradient, due to a 
reduction in cardiac output. In 2 of our patients, valve 
area decreased, despite a reduction in pressure gradient, 
due to a concomitant reduction of LV outflow tract ve- 
locity (see Results); the progression of AS would have 
been missed if only pressure difference was considered. 
Study limitations: The majority of our patients 
(58%) had an aortic area <0.75 cm? at entry; therefore, 
the conclusions drawn from this study mainly apply to 
patients with severe AS. Although we found a signifi- 
cant inverse relation between the initial aortic area and 
its rate of change during follow-up, according to previ- 
ous studies,43!7 we recognize that the limited number 
of patients in our study with aortic area >0.75 cm? and 
the mean duration of follow-up does not allow us to con- 
clude that there is a more rapid progression in patients 


~ with mild to moderate AS. 
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Comparison of Cardiac Findings in Patients with 
Mitral Valve Prolapse Who Die Suddenly to 
Those Who Have Congestive Heart Failure from 
Mitral Regurgitation and to Those with 
Fatal Noncardiac Conditions 


"Andrew Farb, MD, Anita L. Tang, James B. Atkinson, MD, 
William F. McCarthy, PhD, and Renu Virmani, MD 


Sudden death occurs in a small but important sub- 


set of patients with mitral valve prolapse (MVP). 
Clinical criteria for identifying patients at risk for 
sudden death have been elusive. To determine if 
certain morphologic characteristics were present 
in hearts from patients with sudden cardiac death 
- and MVP, autopsy hearts from persons with sud- 
den death and isolated MVP who were previously 
asymptomatic or had a history of cardiac arrhyth- 
mias (n = 27) were compared with (1) hearts from 
patients with congestive heart failure (CHF) and 
mitral regurgitation (MR) secondary to MVP (n = 
14), and (2) hearts from persons dying from non-. 
cardiac causes in which MVP was an incidental . 
finding (n. = 19). Patients who died suddenly were 
younger than both patients with MR/CHF and inci- 
dental cases (37 + 10 vs 65 + 16 and 58 + 21 
years, respectively, p <0.001). Mitral vaive annu- 
lar circumference, anterior and posterior mitral 
vaive leaflet lengths, posterior mitral valve thick- 
ness, and presence and extent of endocardial | 
plaque were greater in hearts from patients with | 


sudden death than hearts from those with inciden- - 


tal MVP. Hearts from patients with MR/CHF 
weighed significantly more, had greater left and 
right atrial cavity sizes and left ventricular cavity 
diameter than hearts from both sudden death and 
incidental cases. n 
(Am J Cardiol 1992;70:234-239) 
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itral valve prolapse (MVP) is present in ap- 
Maa 4% of the general population and 

is most prevalent in young women.'~* Most 
patients with MVP are asymptomatic or have mild 
symptoms and signs including occasional palpitations, 
atypical chest pain, or ventricular or supraventricular ` 
ectopy, or a combination of these. In contrast, a subset | 
of patients with MVP develop severe complications re- 
sulting from congestive heart failure (CHF) secondary 
to progressive mitral regurgitation (MR).°~? An even 
smaller group experiences sudden death, with MVP be- 
ing np only significant pathologic finding at autop- 
sy.5- 

In the absence of hemodynamically significant MR, 
sudden death is an uncommon complication of MVP, 
occurring at an annual rate of approximately 1.9 to 
40/10,000 patients with MVP.1415 Although there have 
been several reports on the pathology of MVP associ- 
ated with sudden death,*!° few large studies are 
available that use control groups and attempt to corre- 
late pathologic cardiac oo with clinical symptoms 
and outcome. 


METHODS l 
All cases of MVP from 1970 through 1990 accessed 
to the Department of Cardiovascular Pathology at the 


Armed Forces Institute of Pathology were reviewed. 


Charts were evaluated for age, sex, race, symptoms and 
clinical history. Formalin-fixed gross autopsy hearts 
were retrieved and examined in a blinded fashion with- 


_ out knowledge of the clinical circumstances of the cause 


of death. From the clinical history, cases were catego- 
rized as follows: (1) persons who died suddenly in whom 
MVP was the only anatomic abnormality present, with 
no other cardiac or noncardiac condition present at au- 
topsy that could -explain the sudden death; (2) patients 
with symptoms of CHF and a history of significant MR 
secondary to MVP; or (3) persons dying of noncardiac 
causes in whom MVP was an incidental finding at au- 
topsy. Sudden death was defined as unexpected death 
within 6 hours of a previously witnessed usual state of 
health. Sudden death patients who had evidence of an- 
other potentially fatal cardiac condition, e.g., severe ath- 
erosclerosis of the coronary arteries (275% luminal | 
cross-sectional narrowing), coronary artery anomalies, 
myocarditis or right ventricular dysplasia were excluded 
from analysis. 
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\ yas defined as increased leaflet length and re- 
undancy with interchordal hooding and leaflet billow- 
ing toward the left atrium. In most cases, redundancy of 
chordae tendineae was present. Evaluation of the mitral 

valve apparatus consisted of measurements of the mitral 
valve annulus circumference, the anterior and posterior 
leaflet lengths, the anterior leaflet thickness, the per- 

centage of the anterior leaflet that demonstrated MVP, 
the involvement and thickness of each of the 3 scallops 
of the posterior leaflet, and the presence or absence of 
endocardial plaques (friction lesions) behind the posteri- 
or leaflets. Leaflet length represented the greatest dis- 
tance from the annular insertion of the valve to the free 

‘edge. The thickness of each leaflet was graded on a 
scale of 0 to 3+, with 0 signifying normal leaflet thick- 

ness, and 1 to 3+ representing mild (twice normal leaf- 

let thickness), moderate (three times normal) and se- 
vere thickening (severe scarring), respectively. Endocar- 
dial plaque (friction lesions) on the posterolateral wall 

of the left ventricle was graded from 0 to 3+, with 0 
‘signifying no plaque present, and 1 to 3+ corresponding 
to the presence of plaque behind 1,2, or all 3 scallops of 
| the p posterior mitral valve leaflet, respectively. Histologic 
“sec tions (n = 18) of the most involved segments of the 
, mitral valves were prepared and examined semiquanti- 
tatively for the severity of expanded spongiosa, breaks 
‘in the fibrosa, valvular fibrosis and elastic fiber duplica- 

tion. 

The following cardiac characteristics were recorded: 
-heart weight, left and right ventricular wall thicknesses, 
j left ventricular cavity diameter, left and right atrial 
sizes, and annular circumference of the tricuspid valve. 
Ventricular wall thickness was measured at the midpap- 
: illary muscle level. Atrial size was graded on a 0 to 3+ 
scale, with 0 signifying normal atrial size, and 1+, 2+ 
and 3+ corresponding approximately 2, 3 and 4 times 
-normal atrial size. 

Statistical analysis: All data are expressed as mean 
+ standard deviation. Variables among the 3 groups of 
MVP cases (sudden death, MR/CHF and incidental) 
were assessed using Tukey’s pairwise simultaneous com- 
: Parison. A p value $0.05 was considered significant. 


‘RESULTS 
A total of 69 cases were retrieved, Nine cases were 
excluded for the following reasons: previous extensive 
. dissection and sectioning (n = 5), 275% atherosclerotic 
-narrowing of at least 1 coronary artery in persons who 
-died suddenly (n = 3), and simultaneous right ventricu- 
-Jar dysplasia with MVP in a patient who died suddenly 
2 (n= = 1). Thus, 60 cases were available for analysis. 
There were 27 sudden death cases (13 men, 14 women), 
= 14 MR/CHF cases (10 men, 4 women) and 19 inciden- 
-tal cases (11 men, 8 women). Sudden death patients 
-were significantly younger than both MR/CHF and in- 
-cidental patients (37 + 10 vs 65 + 16 and 58 + 21 
years, respectively, p <0.001). Sex distribution differ- 
-ences among the 3 groups did not reach statistical sig- 
- nificance. All but 3 of the hearts were from white per- 
(3 blacks [1 sudden death, 2 incidental]). 
)f the sudden death patients, 5 had- a history of 
> on the basis of a systolic click or echocardiogram, 




















TABLE | Nonmitral Valvular Cardiac Characteristics in Hearts 
with Mitral Vaive Prolapse | 


Sudden Death 
(n= 27) 


398 + 110* 
1.5 + 0.2 
04+0.1 
2.4 + 0.7* 
0.9 + 0.7* 
1.4 + 0.9% 

12.3 2 1.2ł 


MR/CHF 
{n = 14) 


635 + 140§ 
1.6 + 0.4ł 
0.4 + 0.1 
3.7 + 0.9% 
2.1 + 0.78 
2.9 + 0.4§ 

13.0 + 1.2¢ 


incidental 
(n= 19) 


373484. |. 
1.32 0.2 
04202 — 
23 0.6 a ta 
OIEI po 
1441.0 1. 

Haso o 


Heart weight (g) 
LV wall (cm) 

RV wail (cm) 

LV cavity (cm) 
RA size (0-34) 
LA size (0—3 +) 
TV annulus (cm) 

*p < 6.001 (sudden death vs MR/CHPF). 
tp <0.05 (sudden death vs incidental). 
tp <0.05: §p <0.001 (MR/CHF vs incidental). 


LA = left atrium: LV cavity = left ventricular cavity size; LV wall = 
wall thickness; MR/CHF = mitral regurgitation/congestive heart failure; RA = rig At. 


atrium; RV wall = right ventricular wall thickness: TV annulus = tricuspid valve pe 


annulus circumference. 


TABLE il Mitral Valve Characteristics in Hearts with Mitra! 
Valve Prolapse 


incidental 
(n = 19) 


MR/CHF 
{n= 14) 


13.3  1,6$ 
2.9 + 0.65 
46 + 31 
16+ 0.8 
2.4 + 0.4¢ 


Sudden Death 
{n = 27) 


12.3 + 1.9t 
2.6 + 0.4* 
39 + 32 
13+ 0.9 
2.3 + 0.4* 


MV annulus (cm} 

AL length (cm) 

% AL prolapse 

AL thick (0-3 +) 

PL length (cm) 

PL thick (0-3+) 
Posterior scal. 
intermed. scal. 
Anterior scal, 

Endocardial plaque 

severity (0-3+) 
*p <0.05; tp <0.001 (sudden death vs incidental). 
tp <0.05; $p <0.001 (MR/CHF vs incidental). 
AL thick = anterior leaflet thickness; % AL prolapse = percentage of anterior leaflet 


prolapsing; Intermed, = intermediate; MV eats = sila valve annulus circumfer- 
ence; PL thick = posterior leaflet thickness: scal, = . 


LO tit 
a8 O.7* 
12208 
1:5 2.1.0" 


1.31.2 
1.82 1,0 
14 £13 
142+ 1.0 





or both; 2 had palpitations and 4 had ventricular ectopic 
activity (with 1 person having a documented history of 
ventricular tachycardia). The circumstances of death in 
sudden death patients were as follows: sudden death 
with exercise (n = 3); sudden death while walking (n = 
2); witnessed sudden collapse, no exercise (n = 10); un- 
witnessed, found dead (n = 12). Of those with witnessed 

sudden death (15 cases), all were reported to have sud- 
den collapse and did not regain consciousness. No per- 
son who died suddenly had a history of congenital pro- 
longed QT syndrome; one sudden death patient had 
been taking procainamide (for ventricular arrhythmias) 


for 28 years at the time of death. Toxicology screens i 


were negative for drug overdoses. Additionally, 7 pa- . 
tients with MR/CHF experienced ventricular arrhyth- 
mias, and 5 had supraventricular arrhythmias. 

Of the 19 persons in the incidental group, death oc- 


curred as a result of a motor vehicle accident in 7 cases; — , 


from police reports, the causes of the accidents were de- 
termined to have been due to dangerous road conditions — 
or from speeding. The causes of death in the other inci- _ 
dental cases were cancer (n = 4), acute. myocardial in 
farction (n = 2), drowning (n= 2), pulmonary embolus 
(n = 1), mesenteric thrombosis (n = 1), sepsis 

and trauma secondary to a fall (n = 1). No inciden ao 
patients had symptoms of CHF. 
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left ventricular 1 





Morphologic data from the 3 groups of patients with 
MVP (sudden death, MR/CHF, incidental) are listed 
in Tables I and II. Representative hearts from each of 
the 3 groups are illustrated in Figures 1 to 4. Not unex- 
pectedly, patients with MR/CHF had the greatest 
heart weight (635 + 140 g) versus hearts of sudden 
death patients (398 + 110 g; p <0.001) and incidental 
patients (373 + 84 g, p <0.001). Similarly, the group 
with MR/CHF had the largest left ventricular cavity 
diameter (3.7 + 0.9 cm) versus the group with sudden 
death (2.4 + 0.7 cm, p $0.001) and incidental MVP 
(2.3 + 0.6 cm, p $0.001). Left and right atrial sizes of 
patients with MR/CHF were significantly larger than 
those of both sudden death and incidental cases (p 
0.001). 

Several characteristics were similar among sudden 
death and MR/CHF patients but differed from those 
who died of incidental causes (Tables I and II). The 





anterior mitral valve leaflets from both sudden death 
(2.6 + 0.4 cm) and MR/CHF (2.9 + 0.6 cm) cases 
were significantly longer than incidental cases (2.2 + 
0.4 cm, p $0.05 versus sudden death and p <0.001 
versus MR/CHF). Posterior leaflet lengths in sudden 
death (2.3 + 0.4 cm) and MR/CHF (2.4 + 0.4) cases 
were also greater than incidental (1.8 + 0.6, p $0.05) 
cases. The mitral and tricuspid annular circumferences 
in sudden death (12.3 + 1.9 cm and 12.3 + 1.2 cm, 
respectively) and in MR/CHF (13.3 + 1.6 cm and 13.0 
+ 1.2 cm, respectively) cases were significantly larger 
than those of incidental cases (9.9 + 1.6 cm and 11.2 + 
2.0 cm, respectively). Furthermore, sudden death pa- 
tients had greater intermediate scallop thickness (1.8 + 
0.7) of the posterior mitral valve leaflet than did the 
incidental group (1.2 + 0.7, p <0.05). Endocardial 
plaque was observed in 80% of sudden death hearts 
compared with 53% of hearts from incidental cases (p 





FIGURE 1. A, heart from a 31-year old white woman who collapsed suddenly and died after complaining of acute dyspnea. 


There was history of mitral vaive prolapse and supraventricular arrhythmias. Note markedly redundant and hooded posterior 
leafiet (arrows). B, the anterior leafiet and a portion of the posteromedial papillary muscie are reflected toward the left atrium to 


reveal endocardial plaque (arrowheads). 





FIGURE 2. A, a 54-year-old white man who died suddenly without any previous cardiac history. Note the elongated and billow- 
ing intermediate and posterior scallops of the posterior mitral valve leaflet (arrows). B, close-up view of the posterior leaflet 
showing elongation of the chordae tendineae and subvaivular endocardial plaque (arrowheads). 
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FIGURE 3. A 70-year-old white man with chronic congestive 
heart failure, severe mitral regurgitation and atrial fibrillation. 
marked elongation of chordal tendineae. A ruptured chorda is 
present (arrowhead). There is involvement of both the anteri- 
or and posterior mitral leaflets. 


<0.05), and when present, plaque was more extensive in 
_ patients who died suddenly than in those who died from 
incidental causes (p $0.05). 

There were no significant differences among the 
groups with respect to right ventricular thickness, ante- 
rior mitral valve leaflet thickness, percent involvement 
of the anterior leaflet, and thicknesses of the anterior 
and posterior scallops of the posterior mitral valve leaf- 
let. The histologic characteristics of the sections of the 
involved valve leaflets consisted of varying grades of ex- 
panded spongiosa with extension into the fibrosa, valvu- 
lar fibrosis, and elastic fiber duplication. There were no 
significant differences in valve histology among the 
groups. 


DISCUSSION 
In a population of patients with MVP studied at au- 
topsy, persons with isolated MVP and sudden death 


Anterior Leaflet Length 


MR/CHF $D INC MR/CHF 


Posterior Leafiet Length 








FIGURE 4. An 18-year-old white woman who died in a motor 
vehicle accident and was found to have incidental mitral vaive 
prolapse at autopsy. Mild hooding and elongation of the inter- 
mediate and anterior scallops of the posterior leaflet are pres- 
ent. 


were significantly younger than patients with MVP as- 
sociated with MR and CHF and persons in whom MVP 
was an incidental finding unrelated to the cause of 
death. Sudden death cases were nearly equally divided 
among men and women. Several cardiac morphologic 
features differed among the 3 groups studied. Not unex- 
pectedly, patients with MR and CHF had the greatest 
heart weight, left and right atrial sizes, and left ven- 
tricular cavity size than persons with sudden death 
and incidental MVP. Importantly, hearts from persons 
with sudden cardiac death but without significant MR 
shared certain characteristics with the MR/CHF group 
and differed from incidental MVP cases. Patients dying 
suddenly with isolated MVP and patients with MR/ 
CHF had larger mitral and tricuspid annular sizes and 
greater anterior and posterior leaflet lengths (Figure 5). 
In sudden death cases, there was increased posterior 
leaflet intermediate scallop thickness, and endocardial 


Mitral Valve Annulus 


20 


15 


MR/CHF $D NC 


SD INC 


lapse associated with mitral regurgitation and congestive heart failure (MR/CHF), sudden death (SD) and incidental (INC) cases. - 
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uate’ was more ‘often present and more , extensive ver- 
sus incidental MVP. Thus, it would appear that the 
group of hearts from sudden death patients and isolated 
MVP occupy a middle ground, sharing several valvular 
- - characteristics with the MR/CHF group, but more like 


~~ the incidental group with respect of other nonmitral val- 
- vular features such as heart size, wall thickness and cav- 
ity dimension. These morphologic differences may be of 
some Clinical relevance because annular size and leaflet 
thickness and length can be assessed antemortem by 
echocardiography.!7.!8 
While MVP is believed to be benign in most pa- 
tients, there is evidence from several studies®!>!9 that 
~ complications are not infrequent. In a prospective study 
-- by Diiren et alf of 300 patients with MVP, 100 devel- 
< `. Oped serious complications (ventricular tachycardia, en- 
> docarditis, mitral valve surgery, cerebrovascular acci- 
‘dents, sudden death and ventricular fibrillation). The 
relatively small risk of sudden death must be contrasted 
with data indicating that patients with isolated MVP 
‘may constitute a substantial proportion of patients re- 
ferred for electrophysiologic testing for malignant ven- 
tricular arrhythmias (2 to 17%). 20-22 The morphologic 
findings in the present autopsy study of MVP are sup- 
~~ portive of the clinical data reported by Nishimura et 
~ al.!5 They prospectively studied 237 patients with MVP 
-and found 6 cases of sudden death (2.5% of the entire 
`. group) consisting of 4 men and 2 women, 3 of whom 
= had a history of ventricular ectopy. In multivariant 
_ analysis, echocardiographic evidence of leaflet thicken- 
~ ing and redundancy was the only variable associated 
- with sudden death. 
=>> Previous autopsy studies of morphologic findings in 
- eases of MVP-associated sudden cardiac death are lim- 
=- ited. In a report of 4 persons dying suddenly with MVP, 
= there was marked mitral valve leaflet thickening and 
- billowing.!? In a recent report by Dollar and Roberts,!° 
‘pathologic cardiac findings at autopsy were studied in a 
group of patients with MVP. Of 56 patients with MVP 
there were 15 sudden deaths and 41 with other condi- 
tions that were potentially fatal (7 of these had congeni- 
tal heart disease and were excluded from comparison 
. with sudden death). Sudden death patients were youn- 
>> ger at the time of death, were more often women, and 
«< ~ had a lower frequency of MR. There were no signifi- 
—. — cant differences in the mitral and tricuspid annular cir- 
<- cumferences, anterior and posterior leaflet lengths, or 
- the presence or absence of endocardial plaque. The rea- 
-sons for the disparities in results in the present study 
from those of Dollar and Roberts may be due to meth- 
- - odologic differences. The 15 hearts of patients in whom 
=- sudden death was attributable to MVP (1 with and 14 
© -without severe MR) were compared with those of 34 
- patients, 12 of whom had severe MR. In the present 
_.. Study, we separated cases into sudden death (n = 27), 
-MR/CHF (n = 14) and incidental (n = 19) groups and 
‘compared each with the other. Also, in the present 
‘Study, there were nearly twice the number of persons 
ith sudden death and isolated MVP. 
_ — The mechanism of sudden death in patients with iso- 
n “lated MVP prolapse is uncertain but is presumed to in- 
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volve the generation of mai venteicúlar tachyar- Ka 
rhythmias.?!-1423 Endocardial friction lesions have been 
noted in previous cases of MVP-associated südden __ 
death.!! In a report by Chesler et al,!? 12 of 14 hearts 
from patients with sudden death attributable to MVP | 
had friction lesions.!' The presence of increased fre- 
quency and severity of endocardial plaque (friction le- - 
sions) in sudden death patients in the present study is of 
interest because the myocardium adjacent to these fric- 
tion lesions may serve as an arrhythmogenic focus. 
However, the clinical significance of friction lesions is 
conjectural, and as previously noted, an increased preva- - 
lence of endocardial plaques in sudden death cases has 
not been confirmed in other studies. '° . 

Study limitations: This report is a retrospective anal- ~ 
ysis of 60 autopsy cases of MVP. There were more men 
than women compared with the increased prevalence oe 
MVP in women in the general population. This may 
reflect the referral base of our institution. Young adults > 
with unexpected sudden death may be more likely to 
undergo autopsy than older persons and could produce a 
selection bias. The cause of death in approximately 40% 
of the incidental cases was unnatural; it is possible tha 
death in these persons may have been related to their 
MVP had they lived longer. Although the results indi- 
cate that there are differences among hearts from per- = 
sons with MVP and sudden death compared with those 
from persons with MR/CHF and incidental MVP, 
there is some overlap among the groups (Figure 5). Fi- 
nally, a substantial proportion of sudden death persons 
were asymptomatic and did not have a premortem diag- ` 
nosis of MVP. Thus, these persons would presumably —__ 
remain unidentified even if an improved clinical mea- 
surement of risk was available. 
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_ ` Hlemodynanile Evaluation by D Doppler Eo 
a7 Echocardiography of Small (<21 min) Pros theses a 
-and Bioprostheses in the Aortic Valve Position — 








Rune Wiseth, MD, Olaf W. Levang, MD, Endre Sande, MD, Geir Tangen, MD, 
Terje Skjaerpe, MD, and Liv Hatle, MD 


- To assess resting hemodynamics of an unselected 
<- group of patients with prostheses or biopros- 
theses sized <21 mm implanted into the aortic 
valve position during a 7-year period, 46 of 50 eli- 
gible patients were examined by Doppler echocar- 
-diography. The valves were Carpentier-Edwards 

- (CE) supraannular 21 mm (n = 8), Medtronic-Hall 
(MH) 20 mm (n = 8) and 21 mm (n = 21), and the 
-rest (n = 9) were other valves with only 1 to 3 pa- 
„tients in each group. Gradients, valve areas and 
dimensionless obstruction indexes (ratio of subval- 
_ vular/vatvular velocities and velocity time inte- 
gralis) were compared. By analysis of variance, 
- gradients did not differ significantly between the 
CE supraannular 21 mm, the MH 20 and 21 mm 
_ prostheses (peak/mean 25 + 8/14 + 5, 31 + 
-13/16 + 6 and 25 + 10/13 + 5 mm Hg; p = not 
significant). Only 2 patients had a mean gradient 
228 mm Hg. The valve area was slightly larger for 
-the MH 21 mm group compared with the CE su- 
ee Denan 21 mm group (1.34 + 0.15 vs 1.16 + 
>. 0.14 em?, p <0.05). The dimensionless obstruc- 
tion. indexes did not differ (CE supraannular 21 

= - mm 0.36 + 0.07/0.40 + 0.07 (velocities/velocity 

-time integrals), MH 20 mm 0.40 + 0.12/0.47 + 
0.12, MH 21 mm 0.38 + 0.05/0.44 + 0.06; 
: p= not significant). An inverse relation was dem- 
-onstrated between the left ventricular outflow 
-tract diameter and the subvalvular velocities 
(r= —0.60, p <0.001), thus emphasizing the ne- 
oe cessity of making a correction for prevaivular ve- 
a calculating gradients across small aortic valve 
_. prostheses. It is concluded that acceptable resting 
hemodynamics are obtained with the CE supraan- 
=- nular 21 mm, the MH 20 and 21 mm prostheses 
= dn the narrow aortic root. The moderate obstruc- 
_. tien caused by the prostheses is not likely to be a 
limiting factor for the hemodynamic capacity of 
-these patients. 
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prostheses are questioned and the management 
of the narrow aortic root remains controversial. 
An alternative to a small prosthesis is root enlargement 


T hemodynamic properties of small aortic valve 


that may allow insertion of a larger valve, but this- 


will prolong the surgical procedure and may increase 
the operative risk.4 Patients presenting with a narrow 


root are often elderly, and a bioprosthesis would be - 
preferable. It has been claimed that small-sized bio- 4 


prostheses should be avoided because unfavorable gradi- ~ 


ents may result.> The hemodynamic performance of dif- 
ferent types of small aortic prostheses and bioprostheses 
are therefore of clinical interest because the results may 
influence decision making in patients with a narrow aor- 
tic root. With Doppler echocardiography an accurate 
noninvasive assessment of the prosthesis function is pos- 
sible. Mean gradients, cardiac output and valve area es- 
timates have been shown to correlate well with invasive 
measurements,°-!° and regurgitations can be detected 
and semiquantified.”!!!2 Left ventricular outflow tract 





obstructions may occur, especially in patients with a 


narrow aortic annulus,!3 and with Doppler ultrasound | í : 
both the level and the degree of outflow tract obstruc- 
tions may be established.'*!° To assess resting hemody- 


namics in an unselected group of patients with smali 


aortic valve prostheses, all patients receiving a £21 mm = 
prosthesis or bioprosthesis at our institution were con- A 


sidered for Doppler echocardiographic study. 


Patients: In the period from 1983 to 1989 58 pros-  — 
theses (43 mechanical, 15 biological) with an external p 


diameter <21 mm were implanted into the aortic valve 
position. There were 2 early and 5 late deaths. One pa- 


tient with a Medtronic-Hall (MH) 21 mm prosthesis 
was admitted with heart failure 5.5 months after sur- 
gery. A thrombotic obstruction was diagnosed by Dopp- 
ler echocardiography and at reoperation a thrombus 
was removed. Thus, a total of 50 patients were eligible 
for the present study. Because of age and geographic — 
considerations 4 patients were not contacted. The re- 
maining 46 (92% of those eligible) all underwent aas 7 
ler echocardiographic study. i 

There were 44 women and 2 men, mean age 66 Po 


years (range 23 to 82) and mean body surface area 1.65. 
+ 0.12 m° (range 1.34 to 1.91). The preoperative diag- _ 
nosis was pure or predominant stenosis in 44 and pure | 
regurgitation in 2 patients, The valves were 8 Carpen- 





tier-Edwards (CE) Suptianonlar 2 21 mm, 8 MH 20 and z 
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| TABL 13 Peak and Mean Gradients, Valve Areas and Dimensionless Obstruction Indexes for Different Valve Types — 





p Peak Mean PVA; PVA2 
_ Valve Type (mm) No. (mm Hg) (mm Hg) (em?) (em?) Vivot/ Vvaiv VT hvot/ VT halv 
CE porcine (21) 2 2224 12+4 1.13 + 0.27 1.31 £ 0.36 0.41 + 0.04 0.48 + 0.06 
18-26 8-15 0.86-1.39 0.95-1.67 9.38-0.44 0.42-0.53 
CE pericardial (21) 2 20 12 1.26 + 0.12 1.30 + 0.07 0.40 + 0.04 0.41 + 0.02 
1.14-1.37 1.23-1.37 0.36-0.43 0.39-0.43 
CE supraannular (21) 8 2548 1445 1.06 + 0.16 1.16 + 0.14* 0.36 + 0.07 0.40 + 0.07 
14-40 7-23 0.86--1.31 ` 0.99-1.42 0,27--0.47 0.32-0.52 
MH (20) 6 332.13 16 +6 1.06 + 0.22 1.19+0.21 0.42 + 0.12 0.47 + 0.12 
11-54 6-25 0.83-1.50 0.95-1.59 0.29-0.66 0.33-0.70 
MH (21) 19 25+ 10 1325 1.17 + 0.13 1.34 + 0.15* 0.38 + 0.05 0.44 + 0.06 
14-60 7-31 0.91~-1.38 1.03~1.57 0.28--0.46 0.32-0.55 
Sorin (21) 3 3l t3 iy ta L672 017 1.18 + 0.16 0.40 + 0.07 0.44 + 0.08 
28-35 16-19 0.92-1.30 1.01-1.39 0.29-0.46 0.32-0.51 
Duromedics (19) l 51 27 0.84 1.01 0.33 0.40 
Duromedics (21) l 19 10 1.28 1.40 0.41 0.45 


to < 6.05 when comparing Carpentier-Edwards supraanoular 21 mm with Medtronic-Hall 21 mm prostheses (standard continuity equation}. 


Values are mean + SD 


} From the total group of 46 patients, 2 with a Medtronic-Hall 20 and 1 with a Medtronic-Hall 21 mm valve prosthesis were exciuded from the analysis because of a history of [| 
| thromboembolism, and | patient with a Medtronic-Hall 21 mm valve was excluded because of a perivalvular leak grade 3. Thus, the number of patients included in this analyses is 42; | 


| CE = Carpentier-Edwards; MH = Medtronic-Hall; PVA; = prosthetic valve area (simplified continuity equation); PVA2 = prosthetic valve area (standard continuity equation); Yra = | Roe 
_ > velocity in left ventricular outflow tract; Vyaiv = velocity across prosthesis; VTi = velocity time integral in left ventricular outflow tract; VTiyaiy = velocity time integral across prosthesis. 7 


21 MH 21 mm, and the rest (n = 9) were other valves 
with only 1 to 3 patients in each group (Table I). 
< The MH 20 and 21 mm prostheses are identical ex- 
-cept for a thinner sewing ring in the 20 mm valve in 
< order to allow insertion in even smaller roots. Mean 
time from surgery to the Doppler echocardiographic 
-study was 2.2 years. Three patients, all with a CE su- 
` praannular 21 mm valve, were examined 1 to 2 weeks 
_ postoperatively. In all other patients the time interval 
-from surgery was 23 months with a maximum of 38 
-months in the bioprosthesis group. To reduce the risk of 
-including patients with dysfunctioning prostheses in the 
comparison between valve types, 3 patients (2 MH 20 
-and 1 MH 21 mm) with a history of thromboembolic 
episodes were excluded from the analysis of gradients 
- and valve area. 
< Doppler echocardiography: An Irex Meridian or 
-Vingmed CFM 700 ultrasound system with a 3.0 MHz 
transducer for imaging and 2.0 or 2.5 MHz for Doppler 
- recordings was used. 
Leaks: Prosthetic leaks were assessed with color flow 
using the Vingmed CFM 700. Regurgitations were 
graded on a scale from 0 to 4. Tiny regurgitant jets 
confined within the left ventricular outflow tract were 
graded 1+. With a somewhat larger origin and jet area, 
`: but with the jet still not extending to the tip of the ante- 
_ rior mitral valve leaflet, the leak was graded 2+, and 
- with extension beyond the leaflet tip without reaching 
-the apex 3+. No one had 4+ regurgitation. To judge 
~ the regurgitation as valvular or perivalvular, several im- 
-aging planes were used, and it was categorized as peri- 
-valvular if the jet was seen to originate outside the valve 
. Ting. 
‘Pressure decrease: Velocities across the prostheses 
_- were recorded using continuous-wave Doppler from api- 
--gal, suprasternal and right parasternal positions. From 
` the highest velocities obtained, the pressure decrease 
- was calculated using the Bernoulli equation with cor- 
- rection for prevalvular velocities: Pressure decrease = 





DOPPLER HEMODYNAMICS IN SMALL AORTIC PROSTHES! 


a 


4(Vvan? — Vivo?) where V valv 7 velocity across pros- 


thesis and Vivo = left ventricular outflow tract ve- 


locity. 16 
velocities: Pulsed Doppler was used to search for in- 
creased velocities within the left ventricle. The sample _ 


volume was moved stepwise from the apex up through 


the left ventricle to the level of the prosthesis. Left ven- 
tricular outflow tract velocities were recorded with the 
sample volume positioned just below the prosthesis. E 

Cardiac output, prosthesis valve area: From the — 


parasternal long-axis view the inner left ventricular out- _ | 


flow tract diameter was measured just below the pros- _ 
thesis (Figure 1). Cardiac output (CO) was calculated 
from the formula CO = (D/2)? X r X VTIwo X HR, 
where D = subvalvular diameter, VT Io. = velocity 
time integral in the outflow tract and HR = heart rate. — 
With sinus rhythm at least 3, and with atrial fibrillation — 
at least 10 consecutive beats were averaged. The pros- 
thetic valve area (PVA) was calculated using both | 
the standard continuity equation — PVA = SV/VT hav 
where SV is stroke volume and VTIyay is velocity time 
integral across the prosthesis, and the simplified equa- 
tion — PVA = Aivot x V ivot / V oair where Awot and 
Viva is the left ventricular outflow tract area and maxi- 
mal velocity respectively, and Vya is the maximal ve- 
locity across the prosthesis.!71% 


Dimensionless obstruction index: By eliminating the _ 


subvalvular area from the continuity equation,'° the di- 
mensionless obstruction index is obtained. The ratios 
Vivot/Vvay and VT Iiyor/VTIva were calculated and 
compared for the different valve types. 

Statistical analysis: Continuous variables are ex- 
pressed as mean + SD. Means of 2 groups were com- 
pared using an unpaired ¢ test. With multiple compari- 
son, analysis of variance followed by the Student-New- _ 
man-Keuls test was used. Statistical analysis of the _ 
association between variables was performed using lin- _ 
ear regression analysis. A p value <0.05 was considered — 
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significant. Reproducibility is expressed as the 95% lim- 


its of agreement between pairs of measurements as de- 
scribed by Bland and Altmann.!? 


RESULTS 

| Adequate Doppler recordings were obtained in all 
patients. In 1 patient (MH 21 mm) the sewing ring di- 

ameter was used to calculate the outflow tract area as 

the echocardiographic window did not allow for a sub- 

valvular diameter measurement. 

Leaks: One patient with an MH 21 mm prosthesis 
implanted during ongoing endocarditis had a 3+ peri- 
valvular leak and was excluded from the analysis of 
pressure decrease and effective orifice area. In 4 pa- 
tients, all with an MH 21 mm prosthesis, perivalvular 
leaks grade 1 to 2 were diagnosed. Cardiac output in 





these 4 was not increased compared with the rest of 
the MH 21 mm group (4.82 + 0.44 vs 4.94 + 0.87 — 


liters/min, p = NS), supporting the judgment of the re- 


gurgitations as being mild. Two patients with a bio- 
prosthesis had a grade 1 perivalvular leak. | 


Pressure decrease: The highest velocities were ob- l is 


tained from the apex in 27 of 34 mechanical valves 
(78%) and in 10 of 12 bioprostheses (83%). Table I lists — 
the gradients across the different valves, and the varia- 
tion within each valve type is demonstrated in Figure 2. 
Only 2 patients had a mean gradient >25 mm Hg. Be- 
cause of the small number of other valve types, only the 
CE supraannular 21 mm and the MH 20 and 21 mm 
prostheses were compared statistically. By analysis of 
variance no statistically significant differences in gradi- 
ents were found between these 3 groups. 
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BLE H Ci mparison ¢ Left Ve Ventricular Outflow Tract Measurements i in oe 
ntier: Edwards Supraannular 21 mm, Medtronic-Hall 20 and 21mm Valves 


i cO 
Vaive annn No. | (liters/min) 


CE supraannular(21) 1.94 + 0.1 0.95 + 0.16 19.2 + 3.0 4.68 + 0.90 
ae 1.7-2.0 0.61-1.16 13.8-24.4 3.48-6.52 

MH (20) . Dae 1.80 + 0.1* 1.23 + 0.22* 30.3 + 3.5* 5,19 + 1.04 
l ar 1.7-2.0 0.93-1.61 25, 7—34. 9 3.84-7.37 
MH (21) Ae +e E i - 1.98 +911 1,02 + 0.16 24.5 = 3. 7 4.94 + 0.87 
ae ee 1.7-2.1 0.63—1.28 16, 4-31 k 3. 33-6. 66 

Medtronic Hal 500 mm. fers significantly from both the Carpentier-Edwards Supraannlar and Medtronic-Hall 2i 

ups bythe Student 8 an-Keuls procedure. 


ues are meant. S 
= cardiac outa: Ova = = diameter of left ventricular outflow tract; other abbreviations as in n Table i 
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a h - Subvalvular diameters and velocities (Table I): The 
subvaivular diameter was significantly smaller in the 
MH 20 mm group, with an average difference of 0.18 
cm between the MH 20 and 21 mm prostheses. The 
subvalvular velocities and velocity time integrals were 
higher in the MH 20 mm group compared with the CE 
supraannular and the MH 21 mm groups. A negative 
-correlation was found between the subvalvular diame- 
_ ters and outflow tract velocities (Figure 3). The highest 
- subvalvular velocity recorded was 1.61 m/s. 

| dex (Table D: The valve areas calculated by the simpli- 
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> fied and standard continuity equation were hi 













related (Figure 4). With the standard continuity equ 
tion, a significantly smaller area was found for the CE 
supraannular valves than for the MH 21 mm group. 
When comparing the MH 20 and 21 mm valves, areas 
tended to be lower for the 20 mm group, although this- 
did not reach statistical significance (p = 0.06). The di- 
mensionless obstruction indexes did not differ ‘among 
the groups (Table I). oe 
Intraventricular velocities: Six tatni (13%) had: a 
intraventricular velocities >1.5 m/s and a characteristic _ 
pattern of the velocity curve with the highest velocities 
at end systole (Figure 5). These velocities were usually _ 
recorded at the midventricular level, and were not con- ` 
sidered to represent left ventricular outflow tract ob- 
structions. The highest midventricular velocity mea- 
sured was 3.8 m/s, corresponding to an intraventricular = 
gradient of 57 mm Hg. The patients with this flow pat- ` 
tern did not differ with respect to age or time interval 

















ejection time shorter (281 + 39 vs 311 + 35 m/s, - 
p = 0.06) in these patients, indicating a somewhat hy- ee 
perdynamic circulatory state. eee 

Reproducibility: In a recent study we found the sub- ES 
valvular diameter measurement to be a major source of- 
variance in calculation of stroke volume and orifice area. 
in patients with aortic valve prostheses (Rossvoll, un- 
published data). In the present study the diameter was _ 
measured independently by 2 observers in 15 randomly _ 
selected patients. The difference in diameter recordings _ 
was within 2 mm in 13 of 15 patients (87%), with iden- 
tical measurements in 6. To assess reproducibility of — 
valve area measurements, 9 patients were reexamined _ 
within 1 to 14 months. The upper and lower limits of 
agreement were 0.34/—-0.14 cm? and 0.32/—0.16 en? a 
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with the simplified and standard continuity equation, 
respectively. The limits of agreement for the dimension- 
less obstruction index were 0.09/—0.07 (velocities) and 
- 0.08/—0.03 (velocity time integrals). 


DISCUSSION 

Resting hemodynamics of small ($21 mm) aortic 
valve prostheses and bioprostheses are well assessed by 
Doppler echocardiography. No patient was excluded be- 
cause of technically inadequate recordings. The pre- 
- dominant characteristics of the patients studied (female 
~~ gex, small body surface area) are considered representa- 
tive for an unselected group of patients with a small 
aortic prosthesis. A similar profile of patients with a 
narrow aortic annulus is described by others.7°?! 

Perivaivular leaks: Perivalvular leaks were diag- 
nosed in 7 patients (15%). Except for the patient with a 
3+ leak after reoperation during endocarditis, the leaks 
` were assessed as minor and without hemodynamic sig- 
nificance. It is noteworthy that no case of pathologic 
jeak was found with the MH 20 mm prosthesis indicat- 
ing that the thinner sewing ring does not predispose for 
perivalvular leaks. To our knowledge there is no earlier 
report presenting noninvasive hemodynamic data of this 
prosthesis. 

Pressure decrease: The pressure decrease recorded 
across these <21 mm valves was acceptable; only 2 pa- 
tients had a mean gradient >25 mm Hg. Earlier reports 
on hemodynamic properties of small aortic valve pros- 
theses are mostly based on invasive studies. The average 
mean gradient of 13 mm Hg across the MH 21 mm 
prostheses in this study corresponds well with an aver- 
-age mean gradient of 12 mm Hg reported from cathe- 
terization of 9 patients with this prosthesis.” A mean 
gradient of 19 mm Hg is reported after catheterization 
of 16 patients with a 21 mm CE pericardial valve.” In 
our study the CE valves had favorable gradients (Figure 
2), indicating that they provide an acceptable alterna- 
tive in the narrow aortic annulus when a tissue valve is 
desired. There are few reports on noninvasively obtained 
gradients across 21 mm prosthetic valves. After a re- 





view of published reports, Reisner and Meltzer” 
reported noninvasive data of 25 St. Jude Medical, 5- 
Bjgrk-Shiley and 7 CE pericardial 21 mm valves. The 
average peak and mean gradients ranged from 27.3 to 
30.5 and from 14.4 to 16.0 mm Hg, respectively. The 
results in our study are in the same ranges. | 

Prosthetic valve area: An excellent correlation be- 
tween valve areas obtained with the standard and sim- 
plified continuity equation has been described for bio- 
prostheses.2> According to our study the 2 methods re- 
late similarly in mechanical valves (Figure 4). Earlier 
reports on prosthetic valve areas are mostly based on 
invasive measurements using the Gorlin formula,” but 
the adequacy of this formula in predicting prosthetic 
valve area is questioned.2’ So far there is a paucity of 
noninvasive data on valve areas in S21 mm aortic valve 
prostheses and bioprostheses. Similar to our results an 
area of 1.39 + 0.55 cm? is reported for the 2] mm 
lonescu-Shiley pericardial valve,’ and 1.02 + 0.10 cm?* 
for the 21 mm Medtronic-Intact bioprosthesis.” In vitro 
studies have demonstrated a progressive opening of 
the CE bioprostheses with increasing flow rates.” The 
smaller orifice area calculated for the CE compared to 
the MH 21 mm valves in this study could therefore be 
attributed to a lower stroke volume in the former group 
(57 + 12 vs 75 + 12 ml, p <0.001). Although the MH | 
20 and 21 mm prostheses have identical inner orifice 
areas, valve area tended to be lower and gradients high- 
er for the 20 mm valves. The discrepancy between the | 
mm difference in external diameter and the difference 
of 1.8 mm in subvalvular diameter in the 2 groups could 
indicate that the 20 mm prostheses are inserted in roots 
that, relative to the prosthesis size, are narrower than 
the roots where a 21 mm prosthesis is inserted. This 
could result in a more oblique positioning in the aortic 
annulus, and the orientation of the major orifice could 
be less than optimal precluding an effective utilization 
of the prosthesis area. 

Dimensionless obstruction index: This parameter 
did not significantly differ between the groups (Table 


I). With this index, the sometimes difficult and time- 
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as not been reported earlier for <21 mm aortic 
srostheses, but this parameter may prove valuable 
the follow-up of patients with aortic valve prostheses 
id should be further evaluated. 
~ Subvalvular velocities: With decreasing left ventric- 
lar outflow tract diameter, increasing subvalvular ve- 
e. were found (Figure 3). This finding emphasizes 
the necessity of making correction for prevalvular veloc- 
ie n: applying the Bernoulli equation in aortic 
alve prostheses. 16 Otherwise gradients will be overesti- 
mated toa varying degree with the largest overestima- 
- tion occurring in patients with a narrow outflow tract. 
` In our study this is illustrated with the MH 20 mm 
- valve. Without correction the calculated peak and mean 
- gradients across this valve would on average have been 
6 (19%) and 4 (25%) mm Hg higher than the values 
listed in Table I. Occasionally a subvalvular obstruction 
may occur after valve replacement in a narrow aortic 
root.!3 The highest outflow tract velocity recorded in 
this study was 1.61 m/s, indicating no significant sub- 
valvular obstruction in any of these patients. 
Clinical implications: Resting hemodynamics in an 
nselected group of <21 mm aortic valve prostheses 
and bioprostheses implanted during a 7-year period 
rere acceptable. The moderate obstruction caused by 
1¢ prostheses is not likely to be a limiting factor for the 
unctional capacity in these patients. When assessing 
inction of prosthetic aortic valves noninvasively, sub- 
valvular velocities should routinely be recorded; other- 
wise the transprosthetic gradient will be overestimated 
to a varying degree. 
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Usefulness of Transesophageal 
Echocardiography in Evaluation of 
Paracardiac Neoplastic Masses 


Chiara Lestuzzi, MD, Gian Luigi Nicolosi, MD, Renata Mimo, MD, 
Daniela Pavan, MD, and Domenico Zanuttini, MD 


_ Mediastinal paracardiac tumors may cause both 

- cardiovascular complications and problems in dif- 

_ ferential diagnosis of cardiac diseases. Transe- 

- sophageal echocardiography (TEE) may give an 

additional new window to mediastinal neoplasms, 

-but only a few studies have been reported. TEE 
er in 70 patients with paracardiac 











- neople stic masses. The procedure was indicated 
to: solve particular clinical problems in 20 patients, 
and as a prospective study on 50 unselected pa- 
-tients with mediastinal neoplasms. Twenty-three 
_ patients underwent follow-up studies; a total of 

~ 101 echocardiograms were recorded. The proce- 
- dure was tolerated well or very well by most pa- 

~ tients, and provided additional anatomic or hemo- 
_ dynamic data in every patient in group a and in 45 
: of 50 in group b. The additional data were rele- 

- vant for clinical management in 14 of 20 patients 

-in group a, and in 3 of 45 in group b. Based on the 
` results of this study, TEE is useful in association 
with other radiologic techniques in patients with 

` paracardiac neoplasms. As an imaging technique, 

_ it may represent a reliable alternative to computed 
-tol nography whenever the latter is not feasible. 
a (Am J Cardiol 1992;70:247-251) 
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econdary cardiac involvement by neoplastic disease 

has been an emerging field of interest in recent — 

years.'-5 The cardiologist can be involved in the 
management of patients with neoplastic paracardiac 
masses for several reasons: (1) The mass compresses or. 
infiltrates cardiovascular structures. (2) The presenting | 
signs and symptoms of the tumor mimic a cardiovascu- _ 
lar disease. (3) The patient must undergo cardiotoxic ~ 
oncologic therapy.>-?° Furthermore, when mediastinal _ 
abnormalities are detected at a routine chest x-ray, the _ 
difference between vascular and nonvascular lesions — 
may be difficult to diagnose.?!2 Conventional transtho- _ 
racic 2-dimensional echocardiography has been success- 
fully used in these situations. !3-4.9-11.14.15,18,22-25 In some 
cases, however, it can give incomplete information be- — 
cause of a poor acoustic window. In these cases, transe-. 
sophageal echocardiography (TEE) may give a more 
complete imaging approach to both mass and heart. In 
this article we describe our experience with 70 patients 
diagnosed with neoplastic paracardiac masses who were 
studied by TEE in addition to other imaging techniques.. 


METHODS = 
Patients: TEE was recommended for 75 consecu 





cutive — 
patients referred to us for transthoracic echocardiogra- - 
phy for the following reasons: (1) to better define un- — 
solved clinical problems related to the presence of a me- _ 
diastinal neoplasm (15 patients); (2) to study the possi- 
bilities of TEE in the staging of neoplastic paracardiac 
masses (56 patients); and (3) to explain an abnormal — 
chest x-ray finding (in 4 patients [3 had no previous 
history of neoplastic disease and 1 had undergone com- 
plete resection of renal cancer 9 months earlier]; ali pa- 
tients eventually had a paracardiac neoplasm diag- 
nosed). All patients underwent transthoracic echocardi- 
ography before TEE. | 

Three patients refused the examination, and 2 were — 
unable to tolerate the procedure because of severe vom- 
iting. TEE was then performed on 70 patients (35 men 
and 35 women, aged 15 to 75 years, mean 36). Twenty- _ 
six patients had non-Hodgkin’s lymphoma, 23 Hodg- 
kin’s disease, 6 sarcoma and 15 other tumors. Twenty- _ 
three patients underwent repeat TEE after medical or 
radiation therapy treatments: in all, 101 TEE examina- 
tions were performed. The clinical characteristics of the 
patients and the need for TEE are summarized in Ta- 
ble I. 

We used commercially available equipment: Aloka 
SSD860 and SSD870 with 2.5 and 3.5 MHz phase 




















ni al Characteristics of the Study Group 






Types of neoplasms 


“Non-Hodgkin's lymphoma 26 
.. Hodgkin's disease 23 
Sarcoma 6 
Lung carcinoma 4 
Breast carcinoma 2 
Neuroblastoma 2 
Teratocarcinoma i 
Renal cancer l 
Chronic lymphatic leukemia i 
Thymoma i 
Angioma 1 
Unknown 2 
Symptoms 
Superior vena cava syndrome 8 
Cough 9 
Dyspnea is 
Cough and dyspnea 3 


No symptoms 












ray transthoracic transducers and different transe- 
sophageal single-plane and biplane transducers — UST 
5229, UST 5228, UST 5233-5. Local anesthesia was 
ybtained with spray lidocaine or with a tetracaine tab- 
- Jet. Whenever necessary, oral dihydrocodeine was ad- 
ministered to prevent coughing, intravenous diazepam 
~to reduce anxiety, and the antisialogogue glycopyrron- 
ium bromide and a mechanical vacuum aspirator. Pa- 
<- tients fasted for 28 hours before the procedure. The left 
| lateral decubitus position was used for most patients. 
Nine patients required a sitting position to avoid cough- 
co ing. One patient with abdominal pain was able to lie in 
< the right lateral decubitus position only. The probe, in- 
troduced by a trained physician, was gently pushed into 
the stomach first to obtain transgastric sections, then 
slowly withdrawn to obtain all the standard sections de- 
: scribed by Seward et al.?° We also tried to record the 
- color and pulsed Doppler signal of atrioventricular and 
_ arterial valves, both venae cavae, pulmonary veins and 
right and left atrial appendages. Additionally, the probe 
was rotated clockwise and counterclockwise every 2 to 3 
cm to study the descending thoracic aorta and the medi- 
- astinal mass. 











| 7 slightly unpleasant and 7 fairly unpleasant. The proce- 
dure had to be interrupted only in 2 patients because of 
-vomiting (both patients had been recently treated with 


ing the passage of the transducer through the pharynx, 
_.. esophageal pain and coughing or mild breathlessness. 
_ Patients with superior vena cava syndrome tolerated 
< TEE better while in a sitting position and taking dihy- 
oz drocodeine. Nausea was observed more often in patients 
taking chemotherapy or those who were very anxious. 
Those who complained of esophageal pain were mostly 
patients (1) previously treated with mediastinal radia- 
n a Sherapy: (2) with a ia compression; and (3) 
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with a mass in i the’ superior 1 medi 
probe was kept longer in the upper part of the eso a 
gus. Mild breathlessness was a: complaint. of the first ae 
patients examined, in whom TEE was performed with 
the ultrasound transducer UST 5229, and of 2 patients ~ 
with lymphoma involving the oropharynx. With the - 
newer transducers UST 5228 and UST 5233-5, charac- > 
terized by a smaller size and an oval shape, the proce- 
dure was better tolerated. Twenty-six patients under- 
went fiberoptic gastroscopy a few days before or after 
TEE. Compared with gastroscopy, 3 patients described _ 
TEE as more unpleasant, 9 as similar and 14 as more. 
tolerable. Three additional patients, who were unable _ 
to undergo gastroscopy because of coughing and vomit- 
ing, tolerated TEE quite well. The most important 
transesophageal echocardiographic sections, described 
by Seward et al,” were obtained in 92 of the 101 ex- 
aminations. In 2 patients who had a mass compressing 
the esophagus, only the base of the heart and the sur- 
rounding mass could be visualized. In 7 patients who 
did not tolerate the procedure well, the test was restrict- 
ed to the sections most relevant to the assessment of the , 
clinical problem. Vs 
The procedure lasted 5 to 48 minutes (mean 23), 
usually 10 to 20 minutes longer than the conventional 
TEE performed in our laboratory. This was due mainly 
to the time spent carefully evaluating the possibility of 
neoplastic masses surrounding, compressing or infiltrat- 
ing the intrathoracic vessels, and assessing the infiltra- 
tion of the pericardium. Furthermore, the presence of  _ 
the mass in some cases distorted the normal relation- ~ 
ships of the cardiovascular structures, leading to addi- 
tional difficulties in orientation. ae 
Thirty-one procedures were performed with a single- 
plane transducer and 70 with the biplane transducer 
UST 5233-5. The biplane probe allowed for an easier 
and more complete visualization of some structures (the 
superior vena cava, right ventricular outflow tract, left 
and right atrial appendages, posterior left atrial wall, 
descending thoracic aorta and pulmonary trunk). The ... 
biplane transducer appeared to be particularly useful in 
follow-up studies in order to assess the complete disap- oe 
pearance of the mass. a 
information obtained by transesophageal echocar- 
diography: TEE allowed better visualization of the _ 
mass, cardiac chambers and great vessels than did 
transthoracic echocardiography in 68 of 101 examina- 
tions. The neoplastic mass was correctly identified in all. — 
but 1 patient with Hodgkin’s disease with mediastinal 
lymph nodes smaller than 2.5 cm. In 2 patients the neo-  ~ 
plastic mass was limited to the superior mediastinum: in — 
these patients complete TEE imaging of the mass was _ 
difficult because the manipulation of the transducer — 
close to the pharynx was particularly unpleasant for eB 
them. oe 
Most of the patients underwent computed. tomogra- eee 
phy (CT) within 2 weeks of TEE. In 7 of our 70 pa- 
tients CT could not be performed because of severe — 
orthopnea or the need for emergency chemotherapeutic a 
treatment; 1 patient required general anesthesia because 
of severe claustrophobia; in 5 additional patients © 
the data obtained by Ca were limited e the c patia. ae 

























FIGURE 1. A 49-year-cld man without previous cardiovascular disease had been complaining of cough and mild effort dyspnea 
for 2 months. A standard chest x-ray showed a cardiac silhouette with enlarged second arch. This abnormality was considered — 


tion. Transthoracic echocardiography did not show any abnormality. Transesophageal 





echocardiography 
mass surrounding the descending thoracic aorta (ao) from the aortic arch (left) to the diaphragm (right). The mass was sup- 
posed to be a neoplasm involving the periaortic lymph nodes. Computed tomography and mediastinoscopy were soon performed, 
confirming the echocardiographic data. The histologic diagnosis was non-Hodgkin's lymphoma. 





FIGURE 2. This 72-year-old man, affected by non-Hodgkin's 
_ lymphoma, was prospectively evaluated by echocardiography 
in order to assess the relation between the mediastinal mass 
and the cardiovascular structures. Both computed tomography 
and transthoracic echocardiography showed a posterior mass 
in close contact with the left atrium (LA). Transesophageal 
echocardiography showed a mobile mass within the left atri- 
um, but in the transverse planes the relationships with the 
paracardiac mass were not clear (A). Using the sagittal plane, 
the infiltration of the posterior atrial wall and the continuity 
between and intracardiac mass were demon- 
strated (B). AO = aorta; LV = left ventricle. 


hypersensitivity to iodine contrast media. TEE and 
CT data were then comparable in 58 cases. In 14 of 
58 cases the anatomic data (site, size of the mass, car- 
diovascular infiltration) obtained by TEE fully corre- 
sponded to those obtained by CT. In 3 of these cases 
TEE, performed in order to explain an abnormal chest 
x-ray, detected a mediastinal mass later confirmed by 
CT (Figure 1). One patient had a superior vena cava 
neoplasm not evident at CT but only at magnetic reso- 
nance imaging and at TEE. In 3 cases, TEE clearly 
demonstrated an intracardiac extension of the mass, not 
detected by CT (Figure 2). In 30 cases, in which CT 
was not diagnostic, TEE allowed us to diagnose or ex- 
clude the infiltration of cardiovascular structures. In 1 
case, a mass considered to be vascular by CT was iden- 
tified as solid by TEE (this was confirmed by surgery). 
Four of the patients for whom TEE gave anatomic data 





FIGURE 3. This 56-year-old man was first admitted in a dif- 
ferent hospital, where an unresectable kung cancer infiltrating 
the right atrium had been diagnosed by computed tomogra- 

phy. He was sent for oncologic evaluation to our hospital, and 


out any extracardiac extension. raisa hee misin 
a benign angiotelioma was resected. 


TRANSESOPHAGEAL ECHOCARDIOGRAPHY FOR PARACARDIAC NEOPLASTIC MASSES 249 











different from those from the CT underwent open-chest 
surgery: TEE data were confirmed in every patient 
(Figure 3). In 1 patient, in whom TEE detected a resid- 
ual mass after chemotherapy and CT did not, the clini- 
cal outcome confirmed the TEE diagnosis. In 34 pa- 
- tients, TEE gave additional hemodynamic data not ob- 
tained by any other imaging technique. 

The main fields in which TEE was superior to radio- 
logic techniques and transthoracic echocardiography 
were: (1) assessment of pericardial infiltration; (2) dif- 
ferential diagnosis between vascular and nonvascular le- 


E sions (Figure 1); (3) study of superior vena cava and 


pulmonary vein flow (Figure 4); (4) assessment of the 
infiltration of the descending thoracic aorta; and (5) 
study of the pulmonary artery and its branches (Figure 
5). However, the qualitative ultrasonic tissue character- 
ization did not allow us to differentiate neoplasm from 
fibrosis in patients treated by chemotherapy or radia- 
tion therapy in every case. In fact, in 3 patients the re- 
sidual mass was supposed to be fibrotic because it 
: showed an homogeneous, high-intensity echogenicity; on 


ae _ the contrary, within the mass (partially fibrotic) some 


PAEA Liana er Loe Rem eae ca erence Te OT 





| on FIGURE 4. This 35-year-old woman with highly malignant 
A in's lymphoma localized in the upper and middie 





S = — was studied prospectively. Transthoracic 


_ -cardiog showed a large mass with parenchimal-tike 

: “vena cava (A). Color and pulsed Doppler confirmed the pres- 

3 “ence of a disturbed flow. At transesophageal echocardiogra- 
~ phy the caudal portion of the superior vena cava appeared of 





2 = normal shape and diameter. Doppler sampling showed a nor- 
-mal flow (B). 









neoplastic tissue was still present. In another patient, a 
mass without homogeneous echogenicity was found to 
be probably fibrotic with nuclear magnetic resonance. 


DISCUSSION 

The presence, site and size of mediastinal neoplasms 
is usually assessed by CT. Two-dimensional echocardi- 
ography, combined with radiologic techniques, is use- 
ful in obtaining additional data that may be helpful in 
the management of the neoplastic patient, and TEE 
has been recently introduced in this field.” Each tech- 
nique has advantages and disadvantages. CT can be 
easily standardized and allows visualization of the whole 
chest, but it is less precise in defining highly mobile 
structures, does not give real-time images, and struc- 
tures are shown on a smaller scale. Moreover, it is more 
expensive (often not available in small hospitals) and 
difficult to perform in patients with orthopnea. Trans- 
thoracic echocardiography is easy to perform, has a low 
cost and is available even in small hospitais, but its use 


is limited mostly to neoplasms of the anterior mediasti- . 


num. In our experience, important anatomic informa- 
tion was missed in 67% of examinations. TEE allows a 


better visualization of the mediastinal structures, with | 


high resolution images, and is easily available; it is 
slightly more time-consuming and expensive than con- 
ventional echocardiography, and still has an imaging 
field limited to the mediastinum, with “blind areas” due 
to the airways. 

To date, TEE has generally been used in selected 
cases to solve particular clinical problems. In this study, 
TEE was performed in 20 patients for the purpose of 
obtaining additional data. And the new data were rele- 
vant in the clinical management of 14 of 20 patients 
(70%). Furthermore, we studied prospectively 50 pa- 
tients with mediastinal neoplasms already diagnosed by 
radiologic techniques and performed 31 follow-up stud- 
ies. In 34 of these patients (68%) the examination gave 


additional hemodynamic information that pertained to : 


the flow within the thoracic vessels. This information 
may have clinical relevance for several reasons. Throm- 





FIGURE 5. This ES TE woman affected by non-Hodg- 
kin’s lymphoma with a huge mediastinal mass was prospec- 
tively examined. Transesophageal echocardiography allowed 
recognition of the compression of the left pulmonary artery at 
its bifurcation. 
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_ bosis is a well-known complication in the case of com- 
| pression of the superior vena cava; the detection of com- 
„pression or infiltration of the vessel by a neoplastic mass 
may suggest the use of prophylactic anticoagulants even 
when a superior vena cava syndrome is not clearly evi- 
dent. The hemodynamic derangement due to the ob- 
‘struction of the pulmonary artery or pulmonary veins 
-can affect chemotherapy and clinical outcome. In 31 
: patients, TEE gave anatomic data not obtained by 
CT, mostly pertaining the infiltration of cardiovascular 
Structures. This allowed for more complete individual 
planning of antineoplastic therapies in 28 of 31 patients. 
Furthermore, the therapeutic approach was radically 
changed in 3 of 31 patients. The diagnosis of the pres- 
ence or absence of infiltration of the cardiovascular 
structures may have clinical relevance as a prognostic 
factor in Hodgkin’s disease, and when planning the 
more appropriate antineoplastic treatment (surgery, ra- 
diation therapy or chemotherapy) for both lymphomas 
and solid tumors, especially if the mediastinal mass can 
be resected (in order to plan the surgical approach and, 
possibly, the resection and bypass of the infiltrated ves- 
sels), 26-30 
=- From the present experience, echocardiography 
should then be considered as a useful complementary 
technique to CT. With regard to technical problems in 
-performing CT, the use of TEE with color Doppler can 
“be also used as a potential alternative imaging tech- 
nique. In fact, TEE can be performed even on very sick 
bedridden patients with orthopnea and in a short time. 
_ TEE can be used to study mediastinal neoplastic 
“masses when other routine imaging techniques (conven- 
toni | radiology, CT) are not feasible or not completely 
diagnostic. TEE is usually well-tolerated by even very 
sick neoplastic patients, supplying additional relevant 
anatomic or functional data, or both, in most cases. In 
Our experience, the additional data obtained were rele- 
-vant in the diagnostic or therapeutic decision-making 
process in 14 of 20 patients (70%) who underwent TEE 
in order to solve specific diagnostic problems. TEE sup- 
plied additional data in 90% of the 50 patients prospec- 
tively studied (the therapeutic approach was radically 
changed in 10% of them). Further studies and a longer 
follow-up are necessary in order to define whether TEE 
should be used routinely or only in selected cases in this 
particular pathology. 
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Clinical data on 10,451 high-dose (up to 0.84 
mg/kg over 10 minutes) dipyridamole-echocardi- 
ography tests (DET) performed in 9,122 patients 
were prospectively collected from 33 echocardio- 
graphic laboratories, each contributing >100 
tests. All patients were studied for documented or 
- -suspected coronary artery disease (1,117 early 
-~ [<18 days] after acute myocardial infarction and 
293 had unstable angina). Significant side effects 
including major adverse reactions and minor but 
-` fimiting side effects occurred in 113 patients 
(1.2%). Major adverse reactions occurred in 7 
cases (0.07%). In 6 of these cases, adverse reac- 
tions were associated with echocardiographically 
assessed ischemia and included 1 prolonged cardi- 
- ac asystole (complicated by acute myocardial in- 
farction and coma, with death after 23 days), 1 
short-lasting cardiac asystole, 2 myocardial in- 
_ farctions, 1 pulmonary edema and 1 sustained 
ventricular tachycardia. In all 6 cases, the cardiol- 
 ogist-echocardiographer performing the study had 
a limited experience (<100 tests) with DET, and at 
< off-line reading in 5 cases, the obvious echo-posi- 
- tivity preceded the onset of complications by 1 to 
= 5 minutes. The only ischemia-independent major 
< side effect was a short-lasting cardiac asystole 
< that was reversed by aminophylline and atropine. 
Significant side effects associated with echocar- 
- diographically assessed ischemia occurred in 89 
. additional cases (21 with and 68 without concomi- 
- tant echocardiographically assessed myocardial 
ischemia). The most frequent of these side effects 
- -was hypotension or bradycardia, or both, which 
-~ occurred in 40 patients with negative and 6 with 
-` positive DET. In all cases, side effects promptly 
subsided after aminophylline. In 1,857 cases, the 
high dose was not given for echo-positivity before 
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the eighth minute. In 60 cases, the full high dose 
was not given despite the echocardiographic nega- 
tivity for limiting side effect, yielding an overall = 
feasibility of high-dose DET of 99%. Aminophyl-- 
line was routinely administered also at the end of 
negative tests. Noticeable side effects occurred in 
17 cases. In 13 patients (7 with negative and6 
with positive DET) transient ST-segment elevation _ 
occurred 1 to 4 minutes after the onset of ami- 
nophyliine infusion, accompanied by regional dys- _ 
synergy. All 13 patients had variant angina. Thus, _ 
high-dose DET is reasonably safe and well-tolerat- 
ed, even early after acute myocardial infarction —__ 
and in patients with unstable angina, when selec- 
tively used in patients in whom the lower dose did 
not induce either echocardiographic signs of isch- 
emia or limiting side effects. aa 

(Am J Cardiol 1992;70:252-258) .. 


a 


was recently proposed for the diagnosis of coronary — 

artery disease.' It is an inexpensive, simple, fast — 
and effective tool for diagnosis,>-* as well as for prog- _ 
nostic stratification in various patient subsets,?!' as _ 
similarly reported by several laboratories. However, it is 
generally believed that only large-scale multicenter tri- 
als can supply the necessary information for an unre- — 
stricted acceptance of any new diagnostic procedure,” 
otherwise tests that are hazardous or useless, or both, 
may become accepted, disseminated and installed as 
standard procedures before inadequacies are recog- | 
nized.!3 This is particularly true for DET, because dipy- — 
ridamole doses higher than those usually used for nucle- 
ar myocardial perfusion imaging (and generally consid- 
ered to be reasonably safe)'* are needed to yield opti- 
mal diagnostic accuracy. To fill this information gap, © 
the Echo-Persantine International Cooperative. (EPIC) 
study was designed to provide what we call (in analogy _ 
to the sequential phases of testing of a new drug) the a 
“phase IV” information about this test.!? The rationale . 
of the EPIC study is to produce results directly relevant _ 


T dipyridamole-echocardiography test. (DET) 





















































2 kostic saps of the patient. It was agreed a 
at each center had to contribute =100 DET to 
r the study, because this level of expertise is regard- 
-ed as critical for the reliability of stress-echo readings. IS 
< hi is study reports the safety record of DET in a large- 
-scale, multicenter, prospective trial involving 33 echo- 
-eardiographic laboratories using DET (performed ac- 
cording to a standardized protocol) for clinical purposes 
in a diagnostic practice. 

















b Patient characteristics: The 10,451 tests were per- 
‘formed in 9,122 patients (7,221 men and 1,901 women, 
“age range 24 to 80 years, mean 56} with known or sus- 
pected coronary artery disease; 829 patients underwent 
>1 (up to 4) DET study to assess the effects of antian- 
-ginal therapy, or coronary angioplasty or artery bypass 
:procedures, or to evaluate the spontaneous progression 
of isease. There were 293 patients with history of un- 
ble angina that was recently (<2 days) effectively 
-treated (<2 attacks/day) by antianginal therapy; 1,117 
-were studied early (<18 days) after an acute uncompli- 
‘cated myocardial infarction. The remaining patients 
“had history of chest pain or myocardial infarction, or 
“both. Left ventricular function was measured by the 
mean of the wall motion score index derived from an 
<Tl-segment model of the left ventricle; each segment 
was assigned a score ranging from 1 (normal) to 4 (dys- 
kinetic). Resting left ventricular function ranged from 
„completely normal to markedly altered. In particular, 
-215 patients evaluated after an acute myocardial infarc- 
‘tion had a wall motion score index >1.8, indicating a 
severely depressed global resting function. Because of 
-time and resource constraints, minor side effects were 
-not taken into consideration: unless otherwise men- 





















-= Dipyri test: Patients were 
-instr icted to fast for 23 hours before the test and spe- 
‘cifically to avoid tea, coffee and cola drinks (the xan- 
_thine contents of which can limit dipyridamole action) 
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Significant side effects in patients with positive DET 
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for the preceding 12 hours. Two-dimer nsi 


0.84 mg i kg over r 10 minutes. Aminophylline (240 
which promptly reverses the effects of dipyrida: 
was available. During the procedure, 1 electrocardio- 
graphic lead was continuously displayed on the e 
monitor, and the electrocardiogram was recorded ¢ 
minute. Blood pressure was usually recorded every 1 y 
4 minutes by cuff sphygmomanometer. Two-dimension= 
al echocardiograms were continuously obtained and in 
termittently recorded during and up to 5 to 10 minutes. 
after dipyridamole administration. Also, i in case of test 
negativity, aminophylline (40. to 70 mg over 1 minute) A 
was usually administered at the 15th or 17th minute? — 
Recordings were usually obtained either continuously or 
intermittently at baseline, after the first dose, befor E 
and after the second dose, and before and after ami- 
nophylline injection. Commercially available i apii g 
systems were used. In the basel in ars mo as w aS 








abnormal wall motion were identified Lin st, a ar dle er W 
when possible. All views (parasternal, ‘apical “and sub 
costal) were obtained when possible; precy on the 





2-chamber views) was most frequently used. ac te 
diographic images were evaluated on-line by the candi o 
ologist-echocardiographer performing the test. When _ 
necessary, videotape recordings were reviewed for anal- 
ysis. 

End points of the test were obvious worsening or de 
novo occurrence of regional transient dyssynergy, severe 
chest pain or ST-segment shift >0.2 mV from baseline, _ 
and intolerable side effects. 


RESULTS 

Four categories of side effects were identified as fol- 
lows: major side effects consisting of life-threatening 
complications needing specific treatment, ischemia-re- 
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dic ĝi mahis positivity, AEE EA side effects 
th: 4 occurred in the absence of echocardiographically 
detectable. ischemia, and aminophylline-related reac- 
tions appearing after the onset of the antidotal infusion. 
The temporal distribution of ischemia-related side ef- 
> fects (including major complications) during the test is 
- displayed in Figure 1; it tends to mirror the bimodal 
- temporal distribution of echocardiographic positivity 

_ during the test, with a higher peak at the end of the first 
dose and a second peak at the end of the second dose. 
The temporal distribution of ischemia-independent side 
= effects i is displayed in Figure 2; a more marked, earlier 
peak can be observed soon after the first dose, with ten- 

dentiously unimodal distribution and a rightward skew- 
ness. Significant side effects including major adverse re- 
actions and minor but limiting side effects occurred in 
113 patients (1.2%). 

Major adverse reactions: Of 10,451 DETs in this 
study, 7 (0.07%) were accompanied by major adverse 
events. The only ischemia-independent major side effect 
was a short-lasting cardiac asystole that was reversed by 
aminophylline and atropine. In this patient a subsequent 
electrophysiologic study documented a severe sick sinus 
syndrome. In the remaining 6 cases, adverse events were 
associated with echocardiographically detected ischemia 














Significant side effects in patients with negative DET 
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Main Features of Seven Patients with Major Complications 


percutaneous transluminal coronary angioplasty; RCA = right coronary artery; V tach = ventricular tachycardia; WMS! = wall motion score index. 
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gyn Previous Complication WMS! Coronary | 
& Se History DET Therapy (min) Rest Dipyridamole Complication Anatomy Experience. -| 
63M Old MI, angina, Yes blockers, nitrates, 10 1.18 1,54 Asystole, MI LAD 75% <50 
previous PTCA nifedipine | Ter 
65M Recent Mi No No 4 bed 1,45 Mi LAD 100%, <80 pe RS 
LCX 100% the, Ge 
73M Angina, No Quinidine retard 5 1.18 1.36 V tach LCX 100% <50 
paroxysmal AF 
62M Recent MI No No 10 2.36 2.54 Pulmonary LAD 50%, LCX 50%, <50 
edema RCA 99% 
59M Unstable angina No No 10 1 1.36 Mi Not available. <50 
51M Stable angina No No 7 1 1.54 Asystole LM 75%, LAD 90%, <50 
A LOX 90% 
53M. Recent MI No B blockers, aspirin 3 1.36 1.36 Asystole Not available <50 
: at rial fibrillation; DET = dipyridamote-echocardiography test, LAD = left anterior descending; LOX = teft circumflex; LM = left main; MI = myocardial infarction; PTCA = =f 


(Table I). There was 1 sustained ventricular tachycar- 

dia (in a patient with history of atrial fibrillation who 
was receiving quinidine therapy) lasting 2 minutes and 
abolished by aminophylline; 1 florid pulmonary ; edema 
needing intubation and mechanical ventilation; 2 pa- 
tients with myocardial ischemia (with persisting dyss yt 
ergy, chest pain and ST-segment changes) resist 
to aminophylline, nitrates and 8 blockers, which pro- 
gressed to small uneventful myocardial infarction; 1 
cardiac asystole associated with anterior ischemia, last- 
ing <10 seconds and promptly reversed by aminophyl- 
line and atropine; and 1 prolonged cardiac asystole re- 
sistant to aminophylline and associated with infarction, 
coma and death after 23 days. In the latter case, a tran- 
sient septoapical ischemia (accompanied by pseudonor- 
malization of a basally negative T wave in V2) was fol- 
lowed by a severe bradycardic reaction that progressed a 
to cardiac asystole. Cardiac asystole was resistant to 
aminophylline and lasted 35 minutes before a normal — 
frequency was restored by ventricular pacing. The pa- _ 
tient developed an acute transmural myocardial infarc- 
tion, followed by grade III coma with ventilatory me- _ 
chanical assistance and parenteral nutrition. He died af- ooo 
ter 23 days with the diagnosis of sepsis. and systemic - 
compromise. The patient underwent a DET 3 months 
before; the test had been positive for ischemia in exactly z 




























the 6th minute (so that the high dose was not 
nistered). After the first DET, the patient under- 
oy nt coronary angiography (showing 90% stenosis of 
-the left anterior descending coronary artery), and coro- 
“nary angioplasty was subsequently performed. The pro- 
: cedure was unsuccessful, and the patient underwent the 
-second DET while receiving full antianginal therapy 
* (nitrates, nifedipine and 6 blockers). There were 2 dif- 
ferences between the first uneventful and second com- 
-plicated DET: the dose administered (lower in the first 
“and one higher dose in the second) and the concomitant 
-antianginal therapy (off treatment at the first test, and 
receiving full therapy at the second). 
‘Significant side effects associated with ischemia: 
Significant side effects occurred in 21 additional cases 
with echocardiographically documented ischemia. One 
Patient developed acute left ventricular failure with in- 
tense dyspnea, which was promptly resolved by ami- 
-nophylline and diuretics. Two patients had supraventric- 
ular tachycardia (needing intravenous verapamil). One 
patient had an atrial fibrillation with secondary hypo- 
m (blood pressure decrease >30 mm Hg), and 2 
insustained ventricular tachycardia (5 and 4 beats, 
vely). In 6 patients, myocardial ischemia was 
panied by a hypotensive or bradycardic reaction, 
or’ both.. One patient had atrioventricular dissociation. 
Tog patients, ischemia was resistant to aminophylline 
-and nitrates; 8 blockers (n = 7) or verapamil (n = 1) 
= needed, and peripheral thrombolytic therapy was 




















Of 68 patients with significant ischemia-independent 
erse reactions, symptomatic hypotension occurred in 
22, symptomatic hypotension and bradycardia in 18, 
and second degree 2:1 atrioventricular block in 5. In 
-some cases, the cardioinhibitory reaction was accompa- 
-nied by variable degrees of autonomic overactivity, evi- 
-denced by pallor, sweating and nausea. All these events 
were promptly reversed by aminophylline; atropine was 
-also administered to 5 patients. Dyspnea with broncho- 
-spasm occurred in 5 patients. Four patients had ventric- 
Ular tachyarrhythmias (triplets and couplets at the 7th 






gion (ecpioapica), and the diyi ap- 


minute in 2, one run of 5 beats at the 15th minute, an 
1 accelerated idioventricular rhythm lasting 1 mim 
and spontaneously reverting to sinus rhythm at the. i6 
minute). There was | atrial fibrillation and 1 paroxysm 
of supraventricular tachycardia. In 11 additional cases, — 
the high dose could not be administered owing to head- — 
ache (n = 2), vomiting (n = 3), nausea (n = 2) and pal- 
pitations with tachycardia >130 beats/ min (n= 4). 
One patient fell asleep during the test in the absence of _ 
myocardial ischemia or neurologic signs and with stabi- 
ity of hemodynamic parameters (blood pressure and 
heart rate). Consciousness was immediately restored by. 
aminophylline infusion. e 

Of ail significant side effects unrelated to ischemia, | 
49 episodes occurred within the first 8 minutes, and ii 
between the 9th and 10th minute. In 60 cases, the full 
high dose was not administered despite the echocardio- 
graphic negativity for limiting side effect, yielding an — 
overall feasibility of high-dose DET of 99%. In 1,857 
cases, the high dose was not administered for echo-posi- 
tivity occurring before the 8th minute. | . 

Aminophylline was routinely administered to all pa o 
tients also at the end of negative tests. Significant side 
effects occurred in 17 cases (Figure 3). In 13 patients {J 
with negative and 6 with positive DET) transient ST- _ 
segment elevation occurred 1 to 4 minutes after the on- 
set of the aminophylline infusion, always accompanied — 
by regional dyssynergy (with chest pain in 11 cases), 
and was promptly relieved by sublingual nitrates. All 
these patients had variant angina; in 5, the diagnosis 
was unknown up to the time of testing and was subse- 
quently confirmed by ergonovine test. In 1 patient, an 
atrial fibrillation episode occurred 30 seconds after 
the onset of aminophylline administration. In 3 cases, 
a short-lasting hypotension/bradycardia reaction oc- 
curred a few seconds after the onset of aminophylline 
infusion. 

identification of patients prone to major adverse re- 
actions: Table I lists the main clinical features of pa- 
tients with major complications during the test. Age, 
clinical conditions (unstable angina or recent myocardi- 
al infarction) or resting left ventricular function were 


Aminophylline-induced side effects 


FIGURE 3. Prevalence of side tet fer 
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rdiac asystole were receiving 6 blockers at the time of 
ng. In 3 of 7 complicated studies, the adverse reac- 
-tion appeared immediately after high-dose administra- 
` tion. The only critical factor appeared to be the exper- 
>=. > tise of the cardiologist-echocardiographer performing 
~~ the study. Major side effects were more frequent in 
studies performed by an operator still in the learning 
-curve (i.e., <100 stress-echo studies performed). In 5 of 
~ 6 cases with ischemia-related adverse reactions, the 
- blind reading of tapes by an experienced observer evi- 
_ denced an obvious transient dyssynergy well before (2 
~ to 5 minutes) onset of the complication. In all 3 cases 
with high-dose complications, the experienced observer 
= would have considered the test positive before the 8th 
~ minute, thus avoiding the high-dose administration that 
© actually caused the adverse reaction. 
- Side effects and serendipity: Although 
unwanted, side effects may offer useful diagnostic clues. 
Aminophylline-induced ST-segment elevation was a 
very specific sign of variant angina, whose diagnosis was 
elusive up to the time of testing in 5 patients. Three 
patients who developed an asthmatic attack had been 
referred to testing for chest discomfort, which was re- 
produced by dipyridamole infusion. The diagnosis of 
asthma was further confirmed by pulmonary function 
tests. In 1 patient, ischemia-independent ventricular 
~ asystole revealed severe sick sinus syndrome that was 
later documented by electrophysiologic study. 


DISCUSSION 

This study establishes the safety of high-dose DET 
in the largest population of patients available to date. 

The availability of a highly reliable, “real-time” 
echocardiographic marker of myocardial ischemia al- 
lows 2 large categories of significant side effects to be 
identified: those related to ischemia (i.e., associated with 
and following obvious echo-positivity) and those occur- 
ring despite echocardiographic negativity. The most fre- 
quent unwanted effect was a cardioinhibitory reaction. 

Cardioinhibitory reaction: Isolated arterial hypoten- 
sion may be due to an individual hypersensitivity to the 
systemic arteriolar dilatory effects of adenosine. The in- 
hibitory “vagal-like” reaction (consisting of dizziness, 
hypotension or bradycardia or a combination) may rep- 
resent a reflex triggered by ischemia, but it occurred 
more frequently in the absence of ischemia. The dipy- 
ridamole-induced cardioinhibitory reaction has 2 possi- 
ble ischemia-independent substrates, 1 electrophysiolog- 
ic and 1 neurophysiologic. 

Dipyridamole acts through accumulation of endoge- 
nous adenosine!® and has much less prominent electro- 
physiologic effects than does exogenously administered 
adenosine.!’ However, intravenous dipyridamole acts as 
= a depressor of sinus and atrioventricular nodal func- 
_ tion!’; accordingly, severe bradycardia may be the pre- 

“senting symptom of an occult severe sick sinus syn- 
-` drome,'®!9 because it was actually documented by an 
-- electrophysiologic study in the patient with ischemia-in- 
=> t dependent ventricular asystole. A second mechanism in- 
volves a neurally mediated sympathoinhibitory reflex, 




































found to be discriminant. Two of 3 patients with 
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determining hypotension (through sympathetic i 
tion and parasympathetic activation) and vasodilatio 
(through inhibition of sympathetic vasoconstrictor nor- 
adrenergic nerves) in humans.” This mechanism is con- 
sistent with the frequent finding that a cardioinhibitory ~ 
reaction is accompanied and preceded by signs of auto- = 
nomic overactivity. The mechanisms that mediate these 
episodes are still unclear, but probably involve the cardi- ~ 
ac mechanoreflex.”” Í 
Comparison with previous studies: Our data can be 
considered consistent with scattered, anecdotal reports 
of serious unwanted side effects during dipyridamole in- 
fusion, including death,?! cardiac arrest,?? ventricular 
dysrhythmias,? acute pulmonary edema,” prolonged 
ischemia with coronary occlusion,?>° acute myocardial 
infarction?” and symptomatic bradycardia.'* It has also 
been reported that aminophylline termination of the test 
can result in either hypotension-bradycardia reaction? 
or coronary vasospasm in susceptible patients.” How- 
ever, only large-scale studies can establish the actual _ 
prevalence of unwanted side effects due to dipyridamole 
stress. The results of this study compare favorably with 
the safety record of dipyridamole-thallium scintigra- 
phy,!4 despite the lower dipyridamole dose used for 
nuclear perfusion imaging and the wider spectrum of 
the disease tested in the present study. Ranhosky and — 
Kempthorne-Rawson'‘ reported 2 deaths and 2 nonfa- 
tal myocardial infarctions in 3,911 patients tested with _ 
standard low-dose dipyridamole. The apparent paradox > 
of the higher dose having a higher safety record can be - 
easily explained by considering the echo-test protocol, _ 
which includes continuous echo monitoring from the be- ~ 
ginning of the infusion and the occurrence of obvious 
transient dyssynergy as an absolute end point of the . 
test needing prompt aminophylline administration. The 
safety record of high-dose DET also appears compara- ~ 
ble to that of exercise-electrocardiography testing. Al- — 
though exercise testing is considered a safe procedure, - 
there are reports of acute infarctions and deaths. Multi- 
ple surveys confirm that up to 10 myocardial infarctions 
or deaths, or both, can be expected per 10,000 tests.°° _ 
However, this rate of complications has been achieved — 
after almost 50 years of experience with the test, lead- — 
ing to a progressive refinement of indications and con- 
traindications, standardized treatment of complications, _ 
and specific criteria for the instrumentation and exper- ~ 
tise needed. oe 
Clinical implications: We believe the safety of the — 
test protocol used is enhanced by the availability of an 
imaging technique such as 2-dimensional echocardiog- 
raphy providing real-time, beat-to-beat monitoring of ~ 
regional left ventricular function. Myocardial ischemia _ 
resistant to aminophylline can occur and should be > 
treated with sublingual or intravenous nitrates, or both. 
Nitrate-resistant ischemia occurs infrequently and is — 
usually responsive to intravenous 6-blockers. If ischemia 
is still persistent after aminophylline, nitrates and 6 | 
blockers, peripheral thrombolysis is advisable to termi- 
nate the infarction. se. 
Severe bradycardia (associated with or independent: 
of myocardial ischemia) up to ventricular asystole may — 



















ry tepricat the extreme and life-threaten- 
end of a spectrum whose opposite end is the much 
“more frequent and benign “vagal” hypotension-brady- 
-cardia reaction. It should be treated in a stepped-care 
_ fashion by putting the patient in the Trendelemburg po- 
- sition and injecting aminophylline and (if necessary) at- 
< tropine. Aminophylline should be available for injection 
_ before beginning the test. In the echo laboratory, there 
_ should be the expertise and the facilities of resuscitation 
K procedures. 

-Because all major complications occurred with unex- 
` perienced stress echocardiographers, and in 3 cases dur- 
-ing or immediately after high-dose administration, it is 
-advisable that the absolute beginner in stress echocardi- 
: ography begin his/her own learning curve with the low- 
-er (0.56 mg/kg over 4 minutes) dose, progressing to the 
| standard high-dose protocol after completion of training 
“(need $100 studies).'!° The pretest clinical features of 
| patients were not helpful in identifying those susceptible 
“to severe adverse reactions. 

_ If these simple precautions, contraindications and 
_ standardized treatments of serious unwanted side ef- 
-fects are considered, the safety record of DET may be- 
-come even better. The feasibility and safety data further 
- confirm the potential role of DET as a fast, inexpensive 
and efficient diagnostic option in patients with known or 
` suspected coronary artery disease. The next 10,000 
«studies should take advantage of the experience gath- 
-ered in these first 10,000, keeping in mind that “what 
we call experience is often a dreadful list of ghastly mis- 
: takes” (J. Chambers Da Costa, MD, 1863-1933). 
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Left Ventricular Mass Quantitation Using 
Single-Phase Cardiac Magnetic 
Resonance Imaging 


Gerard Aurigemma, MD, Ashley Davidoff, MD, Kevin Silver, MD, and John Boehmer, MD, 
with the technical assistance of Anthony Serio, CNMT, and Nancy Pattison, RT 


| Magnetic resonance imaging (MRI has been used 
< to measure left ventricular (LV) mass in animals 
_with superior accuracy. However, its use in cardi- 
ac patients has been limited by the long total scan 
times necessitated by imaging the heart at end- 
diastole at each of 8 to 10 slice locations. Recent 
z canine studies showed that LV mass may be deter- 
-mined accurately, with considerable timesavings, 
. by use of sequential images throughout the cardi- 
- ac cycle (single-phase MRI). Twenty normal sub- 
_ jects underwent spin-echo MRI to determine the 
i relationship between LV mass computed from sin- 








_ time-consuming end-diastolic MRI (which was 
used as the reference standard for this study). The 
-teft ventricle was spanned with 2 interleaved se- 
_ ries of 5 short-axis 1 cm thick slices. 5 images, 
evenly spaced throughout the cardiac cycle, were 
_ obtained at each slice location in all subjects. LV 
- mass ranged from 86 to 198 g. Although end-dia- 
-stolic LV mass exceeded single-phase results by 
: an average of 5 g (p <0.002), there was a close 
_ correlation between the 2 (slope = 0.99; r = 0.96). 
_ Although LV mass derived from end-diastolic im- 
ages exceeded single-phase results, this differ- 
ence is unlikely to be clinically significant and is 
mall compared with the standard error of echo- 
- cardiographic methods. Furthermore, when the or- 

der in which single-phase images were selected 
was reversed, there was improved agreement with 
end-diastolic MRI. Thus, the close correlation be- 
_ tween single-phase and end-diastolic results indi- 
cates that single-phase MRI may be a practical, 
time-efficient method to determine LV mass in hu- 
mans with normal LV shape. 

(Am J Cardiol 1992;70:259-262). 
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ecent studies documented the ability of magnet- 
ic resonance imaging (MRI) to quantitate left- 
ventricular (LV) mass with superior accuracy 
in both excised hearts! and experimental animals in 
vivo.2-4 Previously reported spin-echo MRI LV mass 
calculations were obtained using Simpson’s rule recon- 


struction of end-diastolic images obtained at each slice n 
location.*° However, the total scan time needed to ob- 


tain end-diastolic spin-echo images at each of 8 to 10 
slice locations in subjects with slow heart rates may 


range from 45 to 60 minutes and therefore make MRI — n 
determination of LV mass impractical for many cardiac 


patients. Recent in vivo canine studies showed that LV 


mass may be determined accurately when i images from : 2 
different phases of the cardiac cycle are used,® calling 
into question the necessity of imaging each slice location 





at end-diastole. The use of a multislice, single-phase 


MRI protocol (with an image at each sequential slice = 


location obtained at a different phase of the cardiac cy- 
cle) may therefore permit accurate LV mass determina- 
tion in cardiac patients with dramatically shortened to- 
tal MRI time. Therefore, single-phase MRI would po- 
tentially be a practical strategy for determining LV 
mass. Twenty normal subjects underwent multiphase, | 
multislice MRI to determine the relationship between — 
LV mass computed from single-phase MRI and results — 
obtained when end-diastolic images are used. We then | 


compared LV mass determinations (using Simpson's 


rule) obtained from end-diastolic images with those of a 
simulated single-phase MRI protocol obtained by se- 
lecting sequential images from the multiphase, multi- _ 
slice matrix. 


METHODS 

Magnetic resonance imaging technique: Twenty 
normal subjects underwent gated cardiac MRI using 
spin-echo technique on a 1.5 Telsa Signa system (Gen- 


eral Electric, Milwaukee, Wisconsin). Echo time was 20 


ms, and repetition time was equal to the RR interval; 


the image matrix was 128 X 256, and field of view was 


24, 32 or 40 cm, depending on subject’s size. An ungat- 
ed coronal localizing series established the thoracic 
landmarks in each case. MRI along the true cardiac 
short axis was performed by double oblique angulation 
using the method described by Clark et al’ (Figure 1). 

The entire LV volume was encompassed with 2 sets 


of 5 interleaved 1 cm thick slices with a 1 cm interslice — : 


distance using multiphase/multislice MRI. Thus, after 


2 acquisitions the entire left ventricle was imaged in — 


contiguous | cm thick slices. Usually, 8 to. 10 slices 
(mean 9.2) were needed to image the left ventricle. Im- 7 
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-out the cardiac cycle (Figure 2). Five images were ob- 
tained at each slice location for a total of 50 images in 
each subject. The end-diastolic image at each slice loca- 
tion was obtained at 4 ms from the R wave. Total MRI 
time comprised approximately 5 minutes for the coronal 
series and from 16 to 25 minutes for each short-axis 
series, using 2 excitations for each acquisition. Thus, to- 
tal scan time for subjects in this series varied from ap- 
z proximately 40 to 55 minutes. 

-. Planimetry: Images were interactively analyzed by 
-planimetry from film hard copy by an experienced oper- 
-ator using a commercially available personal computer- 
< based program. For each study, window and contrast 
-levels were set at the time of scanning to optimize the 
3 myocardial /cavity interface. A video camera displayed 
images from the backlit hard copy on a television screen 
for planimetry. For each image demonstrating myocar- 
_ dium, the cavity area and myocardial area were ob- 
. ane in i acne by Mana using: a mouse. Mus- 





i i 281 ms from R wave), and B, end-diastolic image (trigger de- 
_ tay of 4 ms). There is excellent cavity definition due to uniform 
<o signal void from blood pool and intermediate signal from myo- 





IMAGE SELECTION: APEX TO BASE 


TRIGGER DELAY (ms) 


= ao o bottom)- "Tinis, 4 ms image was obtained at apex. Im- 
ze selection process was performed in similar manner for 


ages s were obtained a at t evenly Maod i intervals dush i 
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cle volute for each slice was S the product of myoc ; 
area and slice thickness. Likewise, cavity volume was 
the product of cavity area and slice thickness. Myocar- _ 
dial and cavity volume were computed by Simpson's . 
rule reconstruction: V = 2 AjT, where V = total volume = - 
(cavity or myocardial); A = area by planimetry, T= -~ 
slice thickness; and i = slice number. Myocardial vol- - 
ume was multiplied by specific gravity (assumed to be | 
1.05 g/ml) to estimate myocardial mass. 

Correlation with cardiac phase (Figures 2 and 3): 
For each subject, LV mass was computed by Simpson’s 
rule reconstruction from both end-diastolic and single- 
phase images (Figure 2). For this method, the image 
was chosen at each slice location to simulate a single- 
phase MRI protocol and thus corresponded to the short- _ 
est trigger delay for the first slice location, the next lon- 
gest delay for the second location and the longest delay 
for the fifth slice. The sequence was repeated for each ` 
image displaying myocardium in the second acquisition. 
Single-phase LV mass was calculated twice. First, the 
images were chosen with the most apical slice at the 
shortest trigger delay (Figure 2). The entire procedure - 
was repeated with images selected in the reverse order 
(reverse phase) with the shortest trigger delay image 
beginning with the most basal slice location, which 
showed myocardium, and proceeding sequentially. = = 

Statistics: LV mass from single- and reverse-phase a 
image reconstruction methods was compared with re 
sults of end-diastolic images by linear regression. Mean 
values for LV mass obtained by various methods were 
compared by analysis of variance for repeated mea- 
sures, with p <0.05 considered statistically significant. 










RESULTS | 
LV mass ranged from 86 to 198 g (Table I). Diastol- He 
ic exceeded single-phase LV mass by an average of 5g | 
(125 vs 121; p <0.002) when the shortest trigger delay — 
image was at the most apical slice location (“apex to _ 
base”; Figure 4). Diastolic and single-phase LV mass — 
correlated closely (r = 0.96; slope = 0.99; SEE 9 g over 
the range of values 86 to 198 g). However, when images _ 
were chosen with the most basal image at the shortest © 
trigger delay (“reverse phase”; Figure 5), there was 


IMAGE SELECTION: BASE TO APEX 


TRIGGER DELAY (ms) 





FIGURE 3. Images selected in hase-to-apex (“reverse phase”) ~ “ne 
direction. At most apical slice location, 544 ms image was 
ee ree ee em re! | 
ms image was chosen. | 






















hase; p = not significant) with an equally close 
lation (r = 0.97; slope = 0.94; SEE 8 g over the 
ie of values 91 to 198 g). 


LV hypertrophy has been shown to be an indepen- 
it predictor of cardiovascular morbidity and mortali- 
! Furthermore, recent echocardiographic studies 
ablished that the risk of cardiovascular morbidity 
mortality varies, with LV mass as a continuous 
ble.8:!° However, echocardiographic determination 
f LV mass has important limitations; in ideal circum- 
ances, the standard error of the technique is 30 g,!? 
endering it insensitive to small changes in LV mass 
produced by. clinical intervention. Moreover, M-mode 


SA piyee LV shape, which limit its use in 
ly shaped ventricles. Finally, the technical quali- 
this apie) may be ene ad for LV mass deter- 








ss sen because the entire LV volume may 
£ Set I fomographcally, permitting use of 







! = pas an : excellent data between MRI LV 
and anatomic weight, in both the normal?-4 and 


—. the use of spin-echo MRI for LV mass 
: mir nation in 1 humans has been limited by the long 






y =- 3.4 + 0.991x 
r = 0.96 





‘LV MASS-PHASE (g) 







0901; 5 SEE! 8.7 g over range of values 85.6 to 198 g). 


nent a252 g for end-diastolic and 126 g for 








| TABLE | Left Ventricular Mass @ a 
Age (yr) i 


& Sex 





Reverse-Phase- End-Diastolic es : 





35F 15 86 91 
32F 1.6 95 99 
24M 1.6 112 123 
29M 2.0 153 148 
38M 1.7 101 99 
25M 1.9 139 136 
32M 2.1 139 142 
37M 1.8 92 103 
26M 1.9 121 124 
33F EI 38. 100 
28M 1.9 114 117 
29M 2.0 122 132 
33M 2.0 129 131 
29M 1.6 91 103 
29F 1.6 98 106 
28M 1.9 126 142 
29F 1.7 101 103 
30M 2.0 131 156 
31M 2.0 176 172 
27M 2.0 192 190 
Mean 121 126* 125. 
*p <0.00 


Left ventricular mass for 20 normal subjects grouped according to method of | image 
reconstruction. Group means. are shown. s 
A = body surface area. 


usually been obtained from end-diastolic images ob- 
tained at each slice location. 4515 Acquisition of end-dia- 
stolic images at each of 8 slice locations using the multi- 
phase/multislice approach we outlined requires 245° 
minutes of total imaging time, assuming 2 signal aver- 








fore, strategies aimed at reducing total scan ipon with- 
out sacrificing volumetric APY would be desirable. 


PHASE/BASE-APEX (g) 





FIGURE 5. Regression showing © ‘ os ation between end-dia- 









ke results (r = 0.97; slope = m 0.94; 5 SEE 7.64 E: over ange of val- 
ues 91.1 to 198 g). oe 






"Phe in vivo: canine e study of Shapiro « et alé d noi 
= strated that LV mass may be determined with equiva- 
= ient accuracy using either end-diastolic (r = .94; SEE 9 
g) or end-systolic (r = 0.97; SEE = 7 g) frames. That 
-study also demonstrated that a standard multislice/sin- 
> gle-phase algorithm may be used to estimate LV mass 
-with an accuracy equivalent to that of end-diastolic 
- MRI. Therefore, we performed the present study to in- 
vestigate the correlation between LV mass computed 
from end-diastolic images and from selected images 
from the multiphase/multislice matrix that simulated a 
single-phase protocol. 

The results indicate that in normal hearts, LV mass 
determined from end-diastolic images correlates well 
with results obtained from the simulated single-phase 

protocol. The timesavings associated with the use of a 
- single-phase approach is considerable. This timesavings 
results directly from shortened acquisition times, be- 
cause setup time (typically 5 to 10 minutes) would be 
similar for both single-phase and multiphase MRI. For 
a subject with a heart rate of 75 beats/min, 2 multi- 
- glice/ multiphase acquisitions (with 2 signal averages) 
. comprising 10 slices would need 34 minutes. In contrast, 
~- 2 multislice/single-phase acquisitions for the same sub- 
-ject (using 2 signal averages) would require approxi- 
“mately 8 minutes, representing a 26-minute savings in 
-acquisition time; total scan time (including setup) would 
A be approximately 20 minutes. 
-. . End-diastolic LV mass slightly (but significantly) 
T exceeded single-phase LV mass when images were cho- 
-= sen in an apex-to-base orientation. This difference is un- 
likely to be clinically significant and is small compared 
with the SEE associated with M-mode echocardiogra- 
phy.!2 Furthermore, when LV mass using “reverse- 
phase” (base-to-apex) reconstruction is compared with 
-end-diastolic images, a smaller discrepancy is observed. 
~~ The close agreement between end-diastolic and single- 
- > phase results may be explained by the considerable 
 time-averaging that occurs for each image when the 
-spin-echo technique is used. Moreover, the images were 
-obtained at evenly spaced intervals throughout the car- 
‘diac cycle; with this approach, 3 of 5 images are ob- 
tained in diastole. Although it is possible that the great- 
er diastolic myocardial blood content!®!” may lead to 
slightly higher diastolic LV mass, it is unlikely that this 
technique is sensitive enough to detect this difference. 
-We also observed that when images are reconstruct- 
ed with the most basal image obtained at end-diastole, 
the resulting LV mass more closely approximates end- 
diastolic results than when single-phase images are cho- 
sen in the opposite order. Although the explanation for 
these findings is not completely clear, the likely mecha- 
nism may be related to the through-plane motion of the 
left ventricle. Recent work showed that there is consid- 
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erable long-axis shortening ì in a the norma actioning 
left ventricle, which appears to be greatest i in basal sys- 
tolic segments.é Such base-to-apex movement may be — 
expected to result in an underestimation of LV mass on 
short-axis single-phase images, because myocardium at- 
more basal levels of the ventricle would have moved out te 
of the imaging plane on systolic images. and been “r 
placed” by tissue from the mitral annulus, left atrium. or 
aorta. To the extent that the apex-to-base direction of — 
reconstruction included more systolic. basal. slices, this 
method would have provided a slightly smaller value for 
total LV mass than would either end-diastolic or. single- 
phase MRI with a base-to-apex direction 5 reconstruc- š 
tion. 
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E ntrinsic structural deterioration (primary tissue degen- 
: F eration); is the leading cause of failure of both Ionescu- 
: Shiley and Hancock pericardial heart valves, as well as 
porcine aortic valve bioprostheses.!~* Although cuspal 






-calcification is clearly the principal contributory patho- 
: logic process to failure of porcine valves, the relative roles 
-of — noncalcific tearing and other degenerative 
ley s in abana valve failure are less well-estab- 














ny k laabi Canda) n] heart valve have 
avorable.>-° The present study sought to identify the 
“morphologic changes and mechanisms of failure after 
long-term clinical function of this prosthesis. 

$) sfwo Misrafiow pericardial heart valves, ex- 





we rld wide, were o studied, and complications were catego- 
T ed by I areoiously 4 described. f Clinical data were een 


ae imary causes of valve failure included thrombo- 
: sis/thromboembolism (2%), endocarditis (11%), non- 
_ structural dysfunction (9%) and structural deterioration 
: (78%) (1 ‘able I). In 1 case, death was related to cerebral 
-and renal emboli 8 months after implantation of a valve 
that had a large, poorly adherent, bland thrombus in- 
volving the sinus of Valsalva of 1 cusp, and a centrally 
located thrombus on the outflow surface of a second 
cusp. Infective endocarditis was the cause of failure of 6 
aortic valves removed at 5 to 40 months (mean 15); none 
had cuspal tears or perforations, but minimal extrinsic 
mineralization was present within the vegetations of 3 
with active infection. Nonstructural dysfunction includ- 
-ed bland paravalvular leak (1 aortic), looped suture (3 
mitral) and tissue overgrowth (1 aortic). 
P Structural deterioration (intrinsic degenerative dys- 
function and primary tissue failure) was the cause of 
failure of 43 valves at a mean of 58 months (range 1.5 to 
84) after implantation (Tables I and II). Primary tissue 
degeneration was characterized by cuspal tears or intrin- 
sic calcification, or both, with or without cuspal thicken- 
ing, stretching, abrasion, collagen bundle separation, 
= deep fluid insudation, fragmentation of the cuspal in- 
flow surface, inflammatory cell infiltrate and secondary 
mural thrombotic deposits (Figure 1). Noncalcific cus- 
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pal tearing was the most frequent mode of failure (21 
valves; 49% of those with structural deterioration). For- 
ty-nine cuspal tears involved 35 valves, with or without 
calcification. Cuspal tears were located adjacent to the 
commissures with involvement of the free edge, and 
ranged in size from 1 to 13 mm. Of the 43 valves that 
failed by structural deterioration, 18 (42%) had calcific 
deposits demonstrable by specimen radiograph and 25 
(58%) were free of mineralization at 33 to 84 (mean 58) 


` and 1.5 to 72 (mean 35) months, respectively. Six mitral 


and 12 aortic valves failed owing to calcification (13 with 
associated tears leading to regurgitation, and 5 with > 
stenosis). Of valves with calcific failure, 7 had 1+, 4 had 

2+, 6 had 3+, and 1 had 4+ radiographic calcific depos- 
its. Intrinsic mineral accumulation predominated in the 
commissural cuspal tissue (with lesser amounts at the — 
basal attachments, free edge and cusp body) and was — 
deep within the tissue, with occasional ulceration — 


through the surface. Of the 7 valves from patients <35 ` 


years, 3 were removed because of primary tissue failure. 


One of these valves had a noncalcific tear, 1 was stenotic — % 


with 2+ calcification, and 1 had a tear with 3+ calcifica- 
tion. 


Four valves removed because of regurgitation had 


structural deterioration, without intrinsic calcification 
or cuspal tears, but with collagen bundle separation, — 
deep fluid insudation, inflammatory cell infiltrate, mu- _ 
ral thrombotic deposits and fragmentation of the inflow 
surface. Two of these valves had tissue stretching wit 
cuspal redundancy, which resulted in malalignmen 
prolapse and creasing of the cuspal tissue. Abrasion — 


TABLE i| Causes of Failure of Mitroflow Pericardial Vaives 


Causes of Failure Mitral Aortic 


Thrombosis/thromboembolism 
infective endocarditis 
Nonstructdral dysfunction 
Structural deterioration 

Totaj 


TABLE ii Calcification or Tearing, or Both, as Modes of 
Structural Deterioration Causing Failure of 43 Mitroflow 
Pericardial Valves 


Caicific Deposits 


Yes No 


2/11 13)" 
30%t 

4/1 (5) 
12% 

6/12 (18) 
42% 


*Mitral/ aortic (total). l , 
{Percentage of total cohort of valves with structural deterioration. 


13/8 (21) 
49% 

1/3 (4) 

9% 

14/11 (25) 
58% 


15/19 (34) 
78% 

5/4 (9) 
22% 

20/23 (43) 
100% 
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FIGURE 1. Gross morphology of tailed valves. A, inflow view of valve with typical tear adjacent to stent post (arrow). B, cuspal 
tear (closed arrow) and incipient cuspal tear (open arrow) adjacent to stent post, due to abrasion. C, valve with 3+ calcification 
and cuspal tear. Calcific deposits ulcerating through cuspal surface (arrow). D, valve without cuspal tear, but with tissue 


stretching and redundancy, causing regurgitation. 


(characterized by marked attrition of the outflow colla- 
gen bundles and focal cuspal thinning) was demon- 
strated in 3 aortic and 3 mitral valves. Four of these 
valves had associated cuspal tears. Irrespective of failure 
mode, nonspecific but frequent microscopic findings in- 
cluded superficially adherent mononuclear inflamma- 
tory cells (with occasional deep tissue invasion), rare 
giant cells, and focal, superficial, small thrombi (23 
valves), involving the inflow and outflow surfaces, basal 
attachment margins and edges of cuspal tears. The 7 
valves removed incidentally had minimal pathology; mi- 
croscopic examination demonstrated orderly architec- 
ture of the collagen bundles, and no calcific deposits. 
The major mode of failure of Ionescu-Shiley and 
Hancock pericardial bioprosthetic valves is cuspal tear- 
ing, most frequently without calcification.!~* The present 
study demonstrated structural deterioration as the cause 
of failure in 79% of Mitroflow pericardial bioprostheses; 
noncalcific cuspal tears were the cause of 49% of structur- 
al failures. Cuspal tears almost exclusively involved the 
free edge adjacent to the commissures, often in multiple 
cusps. Underlying cuspal pathology was frequently noted, 
but whether this was causal or secondary is uncertain. 
However, calcification was present in and could be con- 
tributory to failure in 42% of valves failing through struc- 
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tural deterioration. In more than two thirds of calcified 
valves, tears had occurred. Intrinsic cuspal mineralization 
occurred as early as 33 months in this study and had a 
morphology similar to that noted in previous studies of 
pericardial valves. 

In summary, primary tissue degeneration is the lead- 
ing cause of failure of explanted Mitroflow pericardial 
valves, with the pathologic features largely similar to 
those reported for other pericardial bioprostheses. Non- 
calcific cuspal tearing is the dominant pattern; intrinsic 
calcification (with or without secondary tearing) is an 
important but less frequent failure mode. 


1. Walley VM, Keon WJ. Patterns of failure in lonescu-Shiley bovine pericardial 
bioprosthetic valves. J Thorac Cardiovasc Surg 1987,93:925-933. 

2. Wheatley D, Fisher J, Reece IJ, Spyt T, Breeze P. Primary tissue failure in 
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6. Revuelta JM, Bernal JM, Gutierrez JA, Gaite L, Alonso C, Duran CMG. 
Mitroflow heart valve: 5.5 years clinical experience. Thorac Cardiovasc Surg 
1988;36:262-265. 












: sdioiraphic Abnormalities in Mitral Valve Prolapse 


ahida R. Bhutto, MD, John T. Barron, MD, PhD, Philip R. Liebson, MD, Eugene F. Uretz, MS, 


and Joseph E. Parrillo, MD 


m number of electrocardiographic findings associated 
 M™with mitral valve prolapse (MVP) have been report- 
ed. The most frequent finding is inversion of T waves in 
the inferior leads,'~’? which was first described by Hum- 
phries and McKusick’ in patients with late systolic mur- 
murs. The association with MVP was not yet known, and 
they suggested the term “auscultatory-electrocardio- 
graphic syndrome.” Other electrocardiographic abnor- 
malities have been reported to consist of ST abnormali- 
ties? and variable degrees of intraventricular conduction 
delay, including frank bundle branch block (BBB). Jer- 
esaty’ found a 6% incidence of incomplete right BBB in 
the absence of atrial septal defects. The incidence of 
incomplete right BBB was 8% in another study?; 3% had 
_ associated atrial septal defect. Prolongation of the QT 
-interval in MVP was also noted in several studies.3°.2-!! 
_ Meyers et al? described an increased frequency of QT 
prolongation in symptomatic patients with MVP com- 
pared with in asymptomatic patients, but this difference 
_ was not statistically significant. The diagnosis of MVP in 
` many of these studies was primarily obtained by auscul- 
< tation or based on clinical grounds, or both. Furthermore, 
` in no study that described electrocardiographic findings 
` was a comparison performed with a group of normal 
_ subjects. In the present study, we quantify the frequently 
_ described electrocardiographic abnormalities in patients 
in whom the diagnosis of MVP was documented by 2- 
dimensional echocardiography. These results were com- 
` pared with those of a control group of patients with com- 
pletely normal echocardiograms. 
Data from all patients in whom invasive and noninva- 
sive cardiologic studies are performed at our institution 
are entered prospectively into a computerized data base, 
as described previously.!* Electrocardiograms were ob- 
tained from 148 consecutive patients (men: 32%; and 
women: 68%; mean age 45 + 18 years) referred for 
suspected MVP and with MVP documented by echocar- 
diography. They were analyzed with respect to interven- 
tricular conduction disturbances, PR, QRS and QTc in- 
tervals, and T-wave abnormalities. The results were 
compared with electrocardiographic data from 116 pa- 
tients matched for age and sex (men: 32%; and women: 








- From the Section of Cardiology, Department of Medicine, The Rush 
- Heart Institute, Rush Presbyterian St. Luke’s Medical Center, 1653 W. 
` Congress Parkway, Chicago, Illinois 60612. Manuscript received Janu- 
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TABLE I Frequency of Electrocardiographic 


No. of 


Pts. Left BBB 


1 (0.8%) 
0 (0%) 


Controls 116 
MVP 148 


*p < 0.001, chi-square. - 


Complete 


2 (2%) 
4 (3%) 





68%; mean age 47 + 18 years), but with completely 
normal echocardiograms. These patients were selected 
randomly from the echocardiography data base. Dis- 
crete data were compared by chi-square analysis. Con- 
tinuous variables were compared by Student's t test. 
Power of the test for continuous variables was calculated _ 
for mean differences as small as 5% and was >90% in all 
cases. : 
The echocardiographic diagnosis of MVP was ob- 
tained if there was evidence of 21 mm displacement of 1 
or both mitral leaflets beyond the plane of the mitral — 
valve annulus during systole in either the parasternal 


long-axis or apical 4-chamber view.!? BBB was diag- : 
nosed using standard criteria! An incomplete right — 


BBB was diagnosed when the QRS interval was <0.12 
ms, and the morphology of the QRS complex was RSR’ 
in lead V; or Va, or both, together with a prominent S 
wave in lead I. The values for PR, QRS and QT intervals 
were obtained by computer analysis. QTc was obtained 
using the Bazett formula; the upper limit of the OTc 
interval is 0.39 second for men and 0.44 second for- 
women.!? vi 

Inversion of the T wave in lead ITI was found in 57 
patients (39%) with MVP and in 20 (17%) without M VP 
A evidence of heart disease on echocardiography (Table 

D (p <0.001). Right bundle branch conduction abnor- 
malities were found in 13 patients (9%) with MVP; right — 
bundle branch involvement occurred in 12 (10%) with 
normal echocardiograms (p = not significant; Table I}. 


The frequency of QTc prolongation was also not differ- — 


ent between groups. A left BBB was found in 1 patient 
with a normal echocardiogram. Mean values for PR, — 
ORS, QT and QTc intervals for the 2 groups are listedin _ 
Table II. There were no significant differences between 
groups in any of these variables. | 
In all other previous investigations examining electro- 
cardiographic abnormalities in association with MVP, : 
comparison was. not. performed with results obtained 
from patients matched for age and sex who had no evi- © 
dence of MVP on echocardiography. In the present study, 
there was no significant difference in the frequency ofa 
prolonged QTc interval between patients with and with- 
out MVP. Furthermore, the mean QTc interval of the 2- 
groups did not differ significantly. Similarly, there was no 


significant difference in the incidence of conduction dis- 


turbances of the bundle branches. Thus, for most cases of 


Abnormalities in Mitral Valve Prolapse 


Right BBB 
T-Wave 
Inversion 


QTc 


Incomplete Prolongation 


10 (9%) 
9 (6%) 


23 (20%) 
33 (22%) 


20 (17%) 
57 (39%)* 


BBB = bundle branch Hock: MVP = mitral valve prolapse. 
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QRS 
“| Controls 116 157425 86411 360442 415+ 28 
O | MVP 148 16029 88213 369242 418 = 35 


. “Values represent mean + SD. 
MVP = mitral valve prolapse. 
































M i j P, the presence of bundle branch conduction abnor- 
“malities or QT prolongation is likely unrelated to the 
-presence of MVP and is not important or reliable for 
diagnostic or prognostic purposes. However, this study 
-did confirm previous studies indicating that repolariza- 
-tion abnormalities (T-wave inversion) in the inferior leads 
-are associated with MVP. The cause of these changes is 
“not known. The possibility that they are caused by abnor- 
malities of regional coronary blood flow with attendant 
myocardial ischemia has been suggested, although there 
is little evidence to support this assertion. Potassium de- 
pletion and localized myocarditis have also been suggest- 
ed as possibilities. Repolarization changes in the inferior 

ids in MVP patients may also be produced by hyper- 
ventilation. 8 The significance of this is also unknown. 
In summary, our results indicate that MVP is not 
“associated with electrocardiographic abnormalities other 
than inferior T-wave inversion. 
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A strong prerequisite for surgical 
ablation of foci of ventricular 
-tachycardia is the ability to induce 
- the dysrhythmia under general an- 
_ esthesia. Catheter ablation with ra- 
dio frequency stimulation does not 
require anesthesia. However, the 
_ article by Hief et al.! describes an 
anesthetic technique with little ef- 
fect on inducibility or rate of ven- 
tricular tachycardia. I have 2 con- 
cerns with the implied conclusions 
of the paper. The title of the paper 
- suggests that this is a report on the 
_ effects of enflurane on ventricular 
arrhythmias. However, enflurane 
was administered in a subanesthetic 
- concentration. One maximal allow- 
able concentration (MAC) is the 
- Jevel of anesthesia at which 50% of 
patients will not move with painful 
_ stimulation. Once an end-tidal con- 
-centration of anesthetic is achieved, 
-it must be maintained for several 
- (perhaps 5 to 15) minutes for equil- 
_ ibration with tissue (heart). The 
-duration of stable end-tidal enflur- 
-ane concentrations before electro- 
- physiologic tests was not stated in 
the paper. Even if there were ade- 
quate time for tissue equilibration, 
0.5 to 1 MAC will be subanesthetic 
in 250% of the population. The oth- 
er adjunctive agent used was ni- 
trous oxide. The relative MAC 
equivalent would be 0.7 (i.e., nearly 
equipotent doses of nitrous oxide 
were used as enflurane). Perhaps 
combined nitrous oxide and enflur- 
ane anesthesia have no effect on 
ventricular tachycardia. The sec- 
ond concern is with use of thiopen- 
tal for induction of anesthesia. This 
agent in dogs has been shown to 
- have prolonged influence on ven- 
tricular arrhythmias and electro- 
- physiologic measurements particu- 


Letters (from the United States) concerning a 
- particular article in the Journal must be re- 
ceived within 2 months of the article’s publica- 
tion, and should be limited (with rare excep- 
tions} to 2 double-spaced typewritten pages. 
Two copies must be submitted. 


larly when combined with volatile 
anesthetics (such as enflurane).* 
The duration of potentiating epi- 
nephrine arrhythmias may exceed 
4 hours when enflurane is the pri- 
mary anesthetic. Although rarely 
used clinically the effects of a 
“pure” enflurane anesthetic on 
ischemic ventricular tachycardia 
have been recently reported.> In 
this study enflurane suppressed the 
induction of ventricular tachycar- 
dia in 60% of the dogs. Enflurane 
prolonged refractory periods in 
both the ischemic and normal zones 
suggesting a class III action. The 
actions of enflurane were similar to 
those of halothane, and were in gen- 
eral agreement with the results of 
Hunt and Ross.4 

The combined use of short-acting 
barbiturate (or etomidate) with ni- 
trous oxide and enflurane appears 
to be a suitable anesthetic for ven- 
tricular mapping and endocardial 
resection. The effects. of enflurane 
on ventricular tachycardia induc- 


tion and rate remain unknown. 
Charlies B. Hantier, mo 
San Antonio, Texas 
i8 February 1992 
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Balloon Cutting 


In the article by Barath et al, 
“Cutting Balloon: A Novel Ap- 
proach to Percutaneous Angio- 





plasty” (Am J Cardiol 1991;68: — 
1249-1252), Barath states: “In this 
report we describe a new concept of | 
angioplasty based on the premise 
that sharp incisions repair with less 
scar formation and remain more | 
circumscribed than wounds created _ 
by tears. We produced sharp longi- © 

tudinal surgical incisions radially in 
the media with our cutting balloon 
catheter.” 

With my colleagues, I first de- _ 
scribed internal longitudinal coro- 
nary artery incision for correction. 
of coronary artery stenosis in 1966 | 
(“A Method of Creating a Coro- . | 


nary-Myocardial Artery,” Surgery be 


1966;59:1061-1064). This method 
was combined with the balloon di- 
lating catheter and published in | 
1980 (“Coronary Artery Incision — 
and Dilation,” Arch Surg 1980; — 
115:1478-1480). I do not under- 
stand why Barath did not find these _ 
references, since they were pub- . 
lished in major journals. I have 
written Barath (December 4, 1991) | 
regarding these pertinent publica- 
tions, but to this date I have had no © 
reply. 


Banning G. Lary, MD 


Miami, Florida - 
21 January 1992 — 


REPLY: Lary deserves credit for his | 
innovative idea of slicing through 
the stenosed coronary artery wall — 
with a surgical knife into the myo- | 
cardium to form a “coronary-myo- — 
cardial artery” pocket. Further, his 
idea was proposed (Surgery 1966; - 
59:1061-1064) 13 years before - 
Gruntzig, and only 2 years after — 


Dotter. Lary’s idea was neglected, 
and we contributed to this by not 
quoting him in our manuscript. Our _ 


method, of course, has differences - 

(e.g., we are using a balloon system, | 

and not trying to make holes on the | 

coronary arteries). However, 

Lary’s manuscript stands as a bril- 

liantly innovative idea that was un- 

fortunately ahead of its time. 
Peter Barath, MD, Ph 

Los Angeles, California 

16 March 1992 
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“Worive of every 10 dollars spent on restaurant food in the 
PA USA is spent at a fast-food restaurant. Each per- 
J&A. sonin the USA spends an average of $250 a year 

: a on fast foods. Over 160,000 fast-food restaurants are 























































C TABLE i Hamburgers and Cheeseburgers 











Fat Sodium 
Cormpany/ Product Calories (tsp) (mg) Gloom 
| McDonald's Hamburger 255. <2 490 16 
| Hardee's Hamburger 270 2 490 16 
| Burger King Hamburger 272 3 505 18 
-4 Jack in the Box Hamburger 267 3 556 18 
f> MeDonald’s McLean Deluxe 320 2 670 18 
|. McDonald's Cheeseburger 305 3 710 22 
1. Hardee's Real Lean Deluxe 340 3 650 22 
| Burger King Cheeseburger 318 3 661 24 
-f -Burger King Burger Buddies 349 4 717 26 
`$- Burger King Hamburger Deluxe 344 4 496 27 
Dairy Queen Single Hamburger 365 4 800 29 
4 with Cheese 
“| McDonald's Quarter Pounder 410 5 650 31 
Carts Jr. Carl’s Original Ham- 460 5 810 31 
burger 
Hardee's Big Twin 450 6 580 33 
Dairy Queen Double Hamburger 460 6 630 37 
Wendy's Double Hamburger 520 6 710 39 
Jack in the Box Double Cheese- 467 6 842 40 
| burger 
Burger King Double Cheeseburger 483 6 851 40 
McDonald’s Big Mac 500 7 890 4l 
Hardee's Big Deluxe Burger 500 7 760 42 
Hardee's Quarter-Pound Cheese- 500 7 1,060 42 
burger 
McDonaid’s Quarter Pounder with 510 7 1,090 43 
. Cheese 
a Burger King Bacon Double 515 7 748 45 
_ | Cheeseburger 
: Wendy’ s Big Classic 570 7 1,085 48 
_ |. Burger King Whopper _ 614 8 865 49 
| Jack in the Box Jumbo Jack 584 8 733 50 
<| Hardee's Bacon Cheeseburger 610 9 1,030 54 
| Wendy's Big Classic with Cheese 640 9 1,345 56 
2o Can! sr: Western. Bacon Cheese- 730 9 1,490 59 
4 urger King Whopper with Cheese 706 i10 1,177 61 
„Dairy Queen DQ Hontestyie Ulti- 700 1i 1110 63 
mate Burger 
-Wendy s Double Big a assic 750 10 1295 64 
- | Bürger Kingi Double Whopper 844 12 933 72 
-i Wendy's Doubí e Big Classic with 820 12 1,555 72 
. Cheese . 
Burger King Double Whopper with 935 14 1,245 83 
| . Cheese 
| Jackin the Box Ultimate Cheese- 942 16 1,176 88 
“afos burger 
| Car's Jr. Double Western Bacon 1,030 14 1810 91 


` Cheeseburger 















Befriend your arenes by choosing smali burgers and skipping the “special sauces.” 
ieee DU TERS provide some caicium, but skim milk, yogurt, and green vegetables are 
uch better, lower: calorie sources. 

The “Gloom"' rating was designed by Jacobsen and Fritschner to give a quick 
i s of & meal's overall nutritional value. The formula for the Gloom 





point/g of. polyunsaturated oil; 1.1 points. of highly saturated 
oa of refined sugar or com syrup; 1 pomt/20 mg of cholesterol; 
and ipoin 3 mg of sodium. This sum is then multiplied by a number ranging from 
‘0.5 to 1: B depending on the food's nutrient: density, which is the ratio of nutnents/ 
calorie (based on protein, calcium, iron, vitamin A, and vitamin ©). For example, the 
: “multiplier would be 1 if a food contained. 100% of the FDA of each of the 5 nutrients. 
oe with. perea of the te publisher. 
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re on Fast Foods and Quic 


available in the USA and. 
$70,000,000,000 (10 zeros) are- 
spent at them each year. The fast- | 
food restaurants outnumber the $ 
traditional restaurants in the 
USA. McDonald’s, the largest of 
the fast-food chains, has over 
11,000 outlets and a new one goes 
up somewhere in the world every- 
15 hours. McDonald’s is the larg- 
est owner of commercial real es- À 
tate in the world, and they employ over 500, 9,000 persons. | 
One of 5 persons in the USA visits a fast-food restaurant _ 
everyday, and 4 of 5, every month. More than half of the 

fast-food business is done at drive-through windows. 

Fast-food restaurants are located in hospitals, zoos, mili- . - 
tary bases, college campuses (including dormitories), mu- <4 
seums, airports, naval ships and boats (Mississippi Riv-  ‘ 
er), bus stations, amusement parks, private-office and — 
state-government buildings, and department stores. Mo- 
bile (restaurants on wheels) fast-food restaurants visit 
neighborhoods, playgrounds, and beaches. Menus are be- 
ing diversified. McDonald’s now offers more than 40 
items. The top 15 fast-food chains spent $1,217,000,000 
on advertising in 1989, directing many of their ads to 
children. Survey after survey shows that parents let their 













TABLE I} Roast Beef 


























Company/ Product Calories (tsp) -å 


Dairy Queen BBQ Beef Sand- 





wich _ 
Arby's Junior Roast Beef 218 2) Bae l€ 
Subway Roast Beef Sandwich,6 375 = 3 BBD TE 
Arby’s French Dip (roast beef 345 “3 eee 67% a 
sandwich) a 
Hardee's Roast Beef Sandwich 350 3 732 = 20 
(RR) o 
Hardee’s Roast Beef Sandwich, 373 3 840 21 
large (RR) 
Hardee’s Regular Roast Beef 310 3 930 22 
Arby's Regular Roast Beef 353 3 588 23 
Hardee's Roast Beef Sandwich 403 3 954 27 
with Cheese (RR) 
Hardee’s Big Roast Beef 360 3 1,150 28 
Hardee's Roast Beef Sandwich 427 4 1,062 28 
with Cheese, large (RR) 
Arby’s French Dip 'N Swiss 425 4 1,078 32 
(roast beef sandwich) E 
Arby's Beef 'N Cheddar 451 5 955 33 
Carl's Jr. Roast Beef Deluxe 540 6 1,340 38 
Sandwich 
Arby's Super Roast Beef -529 6 798 38 
Arby's Philly Beef N Swiss. 498. 6. 1, 194 40 
Arby's Giant Roast Beef 530 6 908.. 40 
Arby's Bac 'N Cheddar Deluxe ©- 5327 7 4 672 52 










Piain roast beet is tower in fat than most hamburger meat, but a ‘sandwich, topped 
with bacon, cheese, or sauces, may be quite fatty. Hardee's sandwiches marked. i 
“(RR)” are available in the New York-Washington tegien; they are made from the idee po 
lear roast beef that has been used by Roy Rogers ferrets. ae a 

Reprinted with permission of the pae pee 








dren make re aurant choices. When children undér book, ody all A fast-food chains wen resistant 
i years eat at a restaurant in the USA, 83% of the plying them with the ingredients of the products s sol 
ime it is at a fast-food chain. their 1991 book, in contrast, most chains freely supplie C 
The above information comes from the second edition them the ingredients of the products. i 
- ofthe FAST-FOOD GUIDE published in 1991 and writ- 
ten by Michael F. Jacobson, PhD, Executive Director, 
Center for Science in the Public Interest, and Sarah | TABLE IV Fish 


Fritschner, a nutritionist and the food editor of the Louis- Fat Sodium 
ville Courier-Journal.! Like their first edition, which ap- Company/Product Calories (tsp) (mg) 


peared in 1986? (and also reviewed in this column’), this Peres ERRE 
new book details the amounts of calories, fat, sodium, ong John Silver's Shrimp, bat- 


tered, 1 piece 


Sugar, and other “nutrients” in the foods and liquids sold Long John Silver’s Fish, Home- 
by the 15 largest fast-food chains in the USA (Tables I to style, 1 piece 
VII). When Jacobson and Fritschner wrote their 1986 | Wendy's Seafood Salad 


Subway Tuna Sandwich, 6 in. 
Long John Silver's Clams, 





ji , | breaded 
_ TABLE HI Chicken and Turkey Subway Seafood and Crab Sand- 
= | Fat Sodium wich, 6 in. 
Company/ Product Calories (tsp) (mg) Gloom Long John Silver's Fish, bat- 
tered, 1 piece 
Carl's Jr. Charbroiler BBQ 310 l 680 12 Dairy Queen Fish Fillet Sand- 
Chicken Sandwich wich 
Arby's Light Roast Chicken De- 253 1 874 13 McDonaid’s Filet-O-Fish 
ft fuxe Dairy Queen Fish Fillet Sand- 
E Long John Silver’ s Chicken 130 l 490 13 wich with Cheese 
Plank, piece Burger King Ocean Catch Fish 
Jack in the Box Chicken Fajita 292 2 703 14 Filet 
- Pita Wendy's Fish Fillet Sandwich 
KFC Original Recipe Drumstick 146 2 275 14 Hardee's Fisherman's Fillet 
Hardee's Chicken Stix, 6 pieces 210 2 680 15 Jack in the Box Fish Supreme 
Burger King BK Broiler Chicken 267 2 728 15 Arby’s Fish Fillet Sandwich 
Sandwich Carl's Jr. Cari’s Catch Fish 


Dairy Queen Grilled Chicken 300 2 800 16 Sandwich 


Fillet Sandwich 
Most fresh fish is low in fat and quite healthful. But most fast-food fish is Jenta 
Subway Turkey Sandwich, 6 in. 357 2 839 16 and as fatty as many hamburgers. Seek broiled or baked fish, and season with temor 


ete z juice instead of butter and tartar sauce. 
veng Top Chicken Sand 320 2 715 16 Reprinted with permission of the publisher 





320 2 900 17 


176 5 372 18 











236 3 541 21 TABLE V French Fries ae E 
tts ae : on ee Company/Product Calories (tsp) - (mg) 
Hardee’: 5 “Chicken F Fillet 370 3 1,060 24 Long John Silver's Fryes (3 oz.) | a: 2 
KFC Original Recipe Center 283 3 672 25 Dairy Queen, small (2.5 oz.) | 2 7 
eed. Breast o Hardee's, regular (2.5 02.) a 
a a Arby $ Grilled Chicken Barbecue 378 3 1,059 25 Jack in the Box, smalt (2.5 oz.) n ae 
> Wendy's Chicken Sandwich, 430. 4 725 25 McDonald's, small (2.4-02.) 23, 
fried KFC (2.5 02.) Cro 
KFC Original Recipe Side Breast 267 4 735 27 Arby's, smali (2.5 02.) T 
Arby’s Turkey Deluxe 399 5 1,047 28 Hardee's, large (4 oz.) ce 
Jack in the Box Grilled Chicken 408 4 1,130 28 Wendy's, large (4.2 oz.) oe. 
Fillet Jack in the Box, regular (4 oz.) a 3 
KFC Extra Tasty Crispy Wing 254 4 422 30 McDonald's, medium (3.4 oz.) as 
Wendy's Crispy Chicken Nug- 280 5 600 31 Jack in the Box, Jumbo (5 oz.) 5 
gets, 6 pieces Arby's Curly Fries (3.5 oz.) 4 
Dairy Queen Breaded Chicken 430 5 760 32 Hardee's Crispy Curis (3 oz.) 4 
‘Breast Fillet Sandwich Carl's Jr., regular (4.5 oz.) 5 
2i KFC Original Recipe Thigh 294 4 619 33 McDonald’s, large (4.3 oz.) 5 
| Arby's Roast Chicken Club 513 7 1,423 43 Burger King, medium (4 oz.) 5 
-KFC Colonel’s Chicken Sand- 482 6 1,060 45 Hardee's, “Big Fry” (5.5 oz.) 5 
wich | Wendy's, Biggie (6 oz.) 5 
< | KFC Extra Tasty Crispy Thigh 406. 7 688 48 Arby’s Cheddar Fries (5 oz.) $ 
<1 Arby's Chicken Cordon Bleu 658 8 1,824 60 Arby's, large (5 oz.) E 6 


Though they're deep-fried and rey Tench: fries are. not we ae bad. as thei 
reputation would have them: Buta smal! serving should be more than enough, and as 
2 seal to hold the salt. Kudos to Long. John iiver’s for: iii salt-ree “Fryes” its 
Reprinted with permission of the e publisher. . 











le Burger King Chicken Sande 685- © 9 1,417 ae 


sta 

wana a mayonnaise sauce, it wi be ited with fat and calories: Look for 
roiled chicken, hold the sauces, and discard the grease-soaked breading. 

ed with ee of the publisher. 




















É Fat Sodium Sugar 
Calories (tsp) (mg) {tsp} 


193 9 7 


— Product E Gloom 
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pae 


: 350 2 230 10 14 
Jackin ti the Box everest 323 2 247 10 15 
Hardee's (average) 433 2 320 12 19 

by’s, Vanilla 330 3 281 7 20 
Arby's, Jamocha 368 2 262 8 20 
Arby's Chocolate 451 3 341 12 24 
Dairy Queen Mait, regula 610 3 230 9 25 
Burger King Chocoiate, ee 472 3 286 12 26 
Dairy- Queen Shake, regular 520 3 230 ll 26 
Dairy Queen Shake, large 600 4 260 13 30 

endy’s Frosty Dairy Des- 520 4 286 7 30 
- sert, medium 
Arby's Snickers Polar Swirl 511 4 351 9 33 
Wendy's Frosty Dairy Des- 680 5 374 9 40 

sert, large 
My 5 Peanut Butter Cup 517 5 385 14 41 


“Typical shakes contain about as much sugar (figures shown are estimates) as a can 
of cola, as much fat as a glass of milk, and as many calories as a cola and. milk 
combined. However, they are all good sources of calcium. McDonald's was first to offer 
a low-fat shake. For some companies, the average of several flavors is shown. 
oe ee with permission of the publisher. 


< From 1986 to 1991, the 5-year period between the 2 
editions of the 2 fast food books, most, but not all, of the 
fast-food chains decreased the calorie, fat and sodium 
contents of their foods. Several (McDonald’s, Burger 
King, Hardee’s, Arby’s, Dairy Queen, J ack in the Box, 
-and Wendy’s) switched ‘from beef fat to vegetable short- 
-ening for all frying, and 1 (Taco Bell) switched from 

coconut oil (92% saturated) to a less saturated vegetable 
shortening for all frying. McDonald’s became the first 


























Frozen and non-fat yogurt was introduced by McDon- 
ald’s and Baskin-Robbins. Wendy’s dropped completely 
the Triple Cheeseburger from its menus. This hamburg- 
er/cheeseburger was number 1 for calories (1,040), fat 
as teaspoons), and sodium (1,848 mg) in 1986. Today’s 
worst is Carl’s Jr. Double Western Bacon Cheeseburger 
-which contains 1 ,030 calories, 14 teaspoons of fat and 
810 mg of sodium (Table I). Several (Arby’s, Dunkin’ 
Donuts, and Hardee’ s) either switched to cholesterol free 
or to a lower calorie mayonnaise. Despite these type 
Ko changes, the saturated fat and cholesterol contents of the 
fast-food products remain far too high. Most changes, 











































chain to offer 1% low-fat milk and breakfast cereals. 
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TABLE Vil Salads 





Calories (tsp.) 






Company/ Product 









Arby’s Side Salad 
Wendy's Garden Salad 




























Burger King Chunky Chicken 142 1 443 
Salad 
McDonald’s Chunky Chicken 150 1 230 6 
Salad 
Wendy's Chef Salad 180 2 140 10 
Subway Turkey Salad, small 167 2 479 10 
Long John Silver's Seafood 230 2 580 10 
Salad 
Subway Roast Beef Saiad, small 185 2 479 1] 
McDonald's Chef Salad 170 3 400 12 
Subway Tuna Salad, smali 212 3 545 12 
Burger King Chef Salad 178 2 568 13 
Carl's Jr. Charbroiler Chicken 200 2 300 15 
Salad 
Hardee's Garden Salad 210 3 270 15 
Long John Silver's Ocean Chef 250 2 1,340 17 
Salad 
Hardee's Chicken Fiesta Salad 280 3 640 19 
Hardee’s Chef Salad 240 3 930 20 
< Jack in the Box Chef Salad 325 4 900 25 
Taco Bell Taco Salad, no shell 484 7 680 34 
Wendy's Taco Salad 660 8 1,110 39 
Taco Bell Taco Salad, with shell 905 14 910 68 






Most salads, other than taco salads, are low in calories and fat, Be sure to ask for a 
low-calorie dressing or you risk ruining a good thing with severa! hundred additional 
calories. 

Reprinted with permission of the publisher. 






however, are in the right direction, and many others cano 
be expected by the time the Jacobson u Fritschner mig 
edition appears. — 

Congratulations to Jacobson and Frit 
ing the pressure on the fast-food. suppliers to sup y us 
with more healthy foods and figs 










1. Jacobson MF, Fritschner S. The Completely Revised jad ai Fast-Food z r 
Guide, Second Edition. New York: Workman Publishing, 1991:333. . i z 
2. Jacobson MF, Fritschner S. Fast Food Guide. New York: Workman Publish- 

ing, 1986:225. 

3. Roberts WC. Fast foods and quick plaques. Am J Cardiol 1987; 59: 121-723.. 
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aprile (Quinaprii Hydrochloride Tablets) 


SE IN PREGNANCY o p 
When ing the second and third trimesters, ACE inhibitors can cause injury and even death to the 
Sane. ne Ainin la detected, ACCUPRIL should be discontinued as soon as possible. See WARNINGS, 
~- FetálNeonatal Morbidity and Mortality. 
-Before prescribing, please see full prescribing information. A brief summary follows. 
ACCUPRIL is kesar for the treatment of hypertension, it May be used alone or in combination with thiazide diuretics. 
using ACCUPRIL. consideration should be giver to the fact that another angiotensin-converting enzyme (ACE) inhibitor, cap- 


caused Saba be particularly in patients with renal impairment or collagen vascular disease. Available data are 
hese to show that ACCUPRIL does a bl a similar risk (see WARNINGS), 


UPR IL is contraindicated in patients who are hypersensitive to this product and in patients with a history of angioedema 
to previous treatment with an ACE inhibitor 


is tk 







: Angioedema af the face, extremities, lips, tongue, glottis, and larynx has been reported in patients treated with ACE 
and me deen seen in 0.1% of patients receiving ACCUPRIL. Angioedema associated with laryngeal edema can be fatal, 
; stridor or angioedema of the face, tongue, or glottis occurs, treatment with ACCUPRIL shouid be discontinued imme- 
, the patient treated in accordance with accepted medical care, and carefully observed untii the swelling disappears. in 
ances where Swelling is confined to the face and lips, the condition generally resolves without treatment, antihistamines may 


ful in relieving symptoms. 
involvement tongue, glottis, ed likely to cause a obstruction, emergency therapy including, 
mb suncatonoens open n 600 (0.3 te 0.5 a) shouldbe prompt aa 


not limited to, 
otension: yenptomatic hypotension was rarely seen in uncomplicated hypertensive patients treated with ACCUPRIL but, as 
-other ACE inhibitors ssibie piety oe of therapy in salt/volume ted patients, such as those previously 
with diuretics or dietary salt restriction or who are on dialysis (see PRECAUTIONS, DRUG INTERACTIONS, and ADVERSE 
’ }. ia cont i ‘Ope was observed in 0.4% of patients (N = 3203): this incidence was similar to that 
for rij {0.8%}. 







zy 















pine position and, if necessary, normal saline may be 
t hypotensive response is not a contraindication to further doses: however, lower doses of 
dered 


ollagen vascular disease and/or renal disease shouid be considered. 





potension, neonatal beh popsa, anuria, revers- 


ic jung development. Prematurity, intrauterine growth retardation, and patent ductus arteriosus have afso been 
these occurrences were due to the ACE inhibitor exposure. 


_ fobably less often than ance in every thousand Pregnancies), no alternative to ACE inhibitors will be found. in these rare 

2 mothers should be apprised of the potential hazards to their fetuses, and seriaj ultrasound examinations should be per- 

< 488068 the intraamniotic environment. 

‘Gramnios is observed, ACCUPRIL should be discontinued untess it is considered life-saving for the mother. Contraction 

sing (CST) 4 non-stress test (NST), or biophysical profiling (BPP} may be appropriate, depending upon the week of 
hents and physicians should be aware, however, that aligohydramnios May not appear until after the fetus has Sus- 


emia. Hf oliguria occurs, attention shouid be directed toward Support of blood pressure and renal perfusion. Excha 

; SiS May be required as a means of reversing hypotension and/or Substituting for 

aval af ACCUPRIL, which crosses the placenta, from the neonatai circulation is not Significantly accelerated by these means. 
dlogenic effects of ACCUPRIL werg Seen in studies of pregnant rats and rabbits. On a mg/kg ba 
times (in rats) and one time {in rabbits) the maximum recommended human dose 


AS a Consequence oo the renin-angiotensin-aidosterone System. changes in renal function 


i 3 heart failure whose renal function may depend on the activity of 
system, treatment with ACE inhi “Ag including ACCUPRIL, may be associated with oliguria 


hypertensive Patients with no apparent preexisting renal vascular disease have developed increases in blood urea and 
Greatinine, usually minor and transient, especially when ACCUPRIL has been given concomitantly with a diuretic, This is 
to aie in a with preexisting renal impairment. Dosage reduction and/or discontinuation of any diuretic and/or 


hypertensive patients should always include assessment of renal function (see DOSAGE AND ADMINISTRA- 


trkalemia and polassium-sparing diuretics: in clinical trials, hyperkalemia (Serum potassium =5.8 mmol/L occurred in 
Gxirnately 2% of patients receiving ACCUPRIL. in most cases, elevated serum potassium levels were i i 


opment of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of potassium-sparin 
tics, potassium supplements, and/or potassium-containing salt substitutes, which should be 

IONS, Drug interactions), 
B; Cough has been 


fepo 
asanter discontinuation of the 





quinapril HCI tablets 10, 20,40 mg 


patients cannot be ruled cut. 
Pediatric Use 

The safety and effectiveness of ACCUPRIL in Children have not been established. 

ADVERSE 

ACCUPRIL has been evaluated for safety in 4960 Subjects and patients. Of these, 3 fants, į 


203 patients, including 655 eider ients, 
participated in controlled clinica! triais. ACCUPRIL has been evaluated for long-term Safety in over 1400 patients ri Aa 
year or more. 


Adverse experiences were usually mild and transient. 


Discontinuation of therapy because of adverse events was required in 4.7% of patients treated with ACCUPRIL in placeto- 
controlled hypertension trials 


Adverse experiences probably or possibly related to therapy or of unknown relationship to thera 
1563 patients in placebo-controtied hypertension triats ae 


Adverse Events in Placebo-Controtled Trials 
ACCUPRIL Placebo 
N = 1563} 


Accupril ® (Quinapril Hydrochloride Tablets) 


excessive fali in blood pressure because of reduction in fluid volume, with the same consequences of lightheadedness and 
ible eee l 
Patents teen to undergo any surgery and/or anesthesia should be told to inform their physician that they are taking an ACE 
inhibitor. l be ee 
Hyperkalemia: Patients should be told ia bil use potassium supplements or sait substitutes containing potassium without 
consulting their physician (see PRECAUTIONS), ties oe l 
Neutropenia: Patients should be told to report promptly any indication of infection (eg, sore throat, fever) which could be a sign 
of neutropenia. as at 
TE: As with many other drugs, certain advice to patients being treated with ACCUPRIL is warranted. This information is 
saa wad inthe safe and eftectin use of this medication. It is not a disclosure of ail possible adverse or intended affects. 
Concomitant diuretic therapy: As with other ACE inhibitors, patients on diuretics, especially those on recently instituted diuretic 
therapy, may occasionally perience lence an excessive reduction of blood Pressure after initiation of therapy with 
ACCUPRIL. the possibility of hypotensive effects with ACCUPRIL may be minimized by either discontinuing | co 
cautiously increasing salt intake prior to initiation of treatment with PRIL. if it is not possible to discontinue the diuretic, the 
Starting dose of quinapril should be reduced {see DOSAGE AND ADMINISTRATION), ERANO l 
serum potassium: Quinaprii can attenuate gear loss caused by thiazide diuretics and increase serum 
iL with potassi lum-sparing diuretics (ag, spiro ne, 
triamterene, or amiloride), potassium Supplements, or paei Substitutes is indicated, they should be usad 
with caution along with appropriate monitoring of serum potassium (see P CAUTIONS). 


that interact with magnesium: Simultaneous administration of tetracycline with ACCUPAIL 
reduced the absorption of tetracycline by approximately 28% to 37%, possibly due to the high magnesium content in 
ACCUPRIL tablets. This interaction should be considered if coprescribing ACCUPRIL and tetracycline or other drugs that 
interact with magnesium, 


zi fum lithium leveis and symptoms of lithium toxicity have been reported in patients receiving concomitant 

inane and ACE inhi therapy. These dre shoud be co-administeres with caution, and frequent monitorning of serum lithium 
levels ìs recommended. If a diuretic is also used, it may increase the risk of lithigm toxicity. 
Other agents: Drug interaction studies of ACCUPRIL with other agents showed: 
* Multiple dose therapy with propranolol or cimetidine has no effect on the pharmacokinetics of sinye doses of ACCUPRIL. 
* The anticoagulant effect of a Single dose of warfarin (measured by prothrombin time) was not Significantly changed by 

quinapril coadministration twice-daily. 
* ACCUPRIL treatment did not affect the pharmacokinetics of digoxin. 


* No pharmacokinetic interaction was observed when single doses of ACCUPRIL and hydrochiorothiazide were administered con- 
comitantly, 


Carcinogenesis, Mutagenesis, impairment of Fertility . 
Quinapril hydrochloride was not carcinogenic in mice or rats when pe in doses up to 75 oF 100 hep she {50 to 60 times the 
maximum human daily dose. respectively. on a mg/kg bosis and 3.8 to 10 times the maximem human dose when based on 
a mg/m basis) for bite female ras en tla ey ievel had place incidence ai poco ‘i ymp so 
he: iomas and skin/subcutaneous ipomas. Neither uinapril nor quinaprilat were in the Ames 

or without metabolic activation. Quinapn! was also lh in the following genetic toxicology Studies: in vitro mammalian telf 










point mutation, sister chromatid exchange in cultured ae ma nae pl a vitro chromosome aber- 
Morbidity and Mortal inhibi ration wi cultur in an in vivo 
land neonatal eh fe rl Study with rat bone marrow. There were no adverse on fer- 
women, Several dns cases tee mii 7 tity or reproduction in rats at doses up to 100 mg/day (B) 
fii iteratare ‘When Pregnancy is detected. ACE inhibitors SINGLE-AGENT TH ERAP Y Te and 10 times the maximum daily human dose when based on 
1 be discontinued as soon as possible ® Z 7M mg/kg and mg/m’, respectively) 
e of ACE inhibitors during the second and third trimesters < 
i has been associated with fetal and neonatal injury. 


hi mei er WA ee te a 


and Mortality 


Nursing Mothers 
it is not known if quinapril or its metabolites are secreted in 
human milk. Quinapril is secreted to a limited atent, hoveaver, in 


milk of lactating rats (5% or fess of the plasma drug concentration was found in rat miik). Because many drugs are secreted in 
human milk, caution should be exercised when ACCUPRIL is given to a nursing mother 


Geriatric Use 
Elderly patients exhibited increased area under the plasma concentration time curve (AUC) and peak levels for quinaprilat com- 
pared to values observed in younger patients: this ere to relate to decreased ion rather than to 
controlled and uncontrolled studies of tory re 918 (21%) patients were 65 years and 

j tween 


renal fonction itself. in 
older, no overal difi i 


A iflerences in 
S OF Safety were observed r and younger patients ‘However, greater Sensitivity of some older individual 


Dy occuring in 1% oF more of the 
were treated with ACCUPRIL are shown below. 


( a 579} 
neidence neidence 
(Discontinuance) {Discontinuance} 

Headache 56 ba 10.9 (0.7 
Dizziness 3.9 (08 26 {02} 
Fatigue 2.6 (9.3) 10 
Coughing 2.0 {0.5} 8.0 
Nausea/Vomiting 1.4 (0.3) 1.9 (0.2) 
Abdominal Pain 1.0 (0.2) 07 
See PRECAUTIONS, Cough. 
Clinical adverse experiences probably or possibly related, or of uncertain relationship to therapy, occurring in 0.5% tn 1.0% 
{except as noted) of the patients treated with ACCUPRIL (with or without concomitant diuretic in controled OF uncontrolled trials 
(N= 4397) and less frequent. Clinically significant events seen in clinical trials or post-marketing experience (the rarer events are 
in Halics) include (listed by body system}: 


ted by volume expansion. Fetai/Neonatal idity and Mortal 
ation for Pa daerenn hin has been ebay ceivi CUPRIL (0 
ition tients , ' : angioedema r 1%). Anpi j ; 
katy: Female patients of childbearing age should be toid about the conseauences of second- and third-trimester exposure edema may be fatal if angioedema of t face, eremia e i glottis andr aye our ee ith lanpa 
‘inhibitors, and they Should also be to that these consequences do not appear to have resulted from intrauterine ACE- Shouid be discontinued and appropriate therapy instituted immediately (See WARNINGS } ` 
: epa shhh been limited to the first trimester. These patients shouid De asked to report Pregnancies to their physi- Clinica! Laboratory Test Findings 
‘SOON as possible. 
l EM Hema : WARNI 
iir iee including laryngeal edema, can occur with treatment with ACE inhibitors, especially following the first cont See WARN > 


advised and told to report immediately any Signs or symptoms Suggesting angioedema (swelling of 
Feribes, eyes, lips, tongue, difficulty in swallowing or breathing} and to Stop taking the drug until th have consulted 
Hr physician (see WARNINGS), a i : ý . 


"eA ra oa: Patents shou Alperne T can occur, especially during the first few days of 
l A f: Should be repor G (6 a physician. if actu Syncope occurs, patients should be told to not take the 
H they have consulted with their physician (see WARNINGS}. 


Als should be cautioned that inadequate fluid intake or excessive perspiration, diarrhea, or vomiting can lead to an 


"To obtain the optimal antihypertensive effect in patients with mild to moderate Mension, dosage adjustments should fe 
alfy be made at intervals of at least 2 weeks ne yee a0) gene 


PARKE-DAVIS 


Hyperkalemia: (See PRECAUT IONS) 


nine and biood urea ni 


itrogen: increases (71.25 times the upper limit of normal} in serum creatinine and diood urea nitro- 
gen were observed in 2% and 2%, respectively, of patients treated with ACCUPRIL alone, increases are more likely te occur in 
patients receiving concomitant diuretic therapy than in those 


on ACCUPRIL alone. These increases offen remit an continued therapy. 
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PUBLISHED TO AMEND A 
PREVIOUS COMMITMENT WHICH 
PARKE-DAVIS CONSIDERED TO BE 

HIGHLY SUCCESSFUL 


be The ACCUPRIL 
Single-Agent Commitment 





Parke-Davis is publishing this advertisement to inform the medical community that , 
The ACCUPRIL Single-Agent Commitment™, as advertised previously in this journal, : 
E 


has been amended beyond the current provisions. 


Currently, the benefits of single-agent therapy are clear: avoids potential side effects of a second ; 


agent, may encourage patient compliance, and avoids the cost of second agents. In light of this 


information, Parke-Davis will now pay for any second antihypertensive agent. 


Parke-Davis is responding to the nationwide need to contain healthcare expenditures by putting J 
ription for ACCUPRIL® (quinapril HCl) 10 mg, 20 mg, or 40 mg tablets. | 


! 


even more value into each presc 


With our amended program, The ACCUPRIL Single-Agent Commitment™ PLUS, we are going 
further than any other pharmaceutical company by paying for any second antihypertensive agent. 
For more information on this innovative program, please consult your Parke-Davis Representative 


or call 1-800-955-3077. 
Please see accompanying brief summary of full prescribing information. 


ACCUPRIL is contraindicated in patients who are hypersensitive to this product and in patients 


with a history of angioedema related to previous treatment with an ACE inhibitor. 


© PARKE-DAVIS 











USE IN PREGNANCY i à 

When used in pregnancy during the second and third trimesters, ACE inhibitors can causĉėnjury and : 
even death to the developing fetus. When pregnancy is detected, ACCUPRIL shoult-be discontinued 
as soon as possible. See WARNINGS, Fetal/Neonatal Morbidity and Mortality. 
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